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Evaluation  of  the  Vesicating  Properties  of  Neutralized 
Chemical  Agent  Identification  Sets 


1.  INTRODUCTION 


The  U.S.  Army  Program  Manager  for  Chemical  Demilitarization  (PMCD)  has  been 
designated  as  the  single  agency  within  the  Department  of  Defense  (DoD)  to  destroy  all  chemical 
warfare-related  materiel.  Destruction  of  chemical  weapons  which  are  part  of  the  unitary 
stockpile  is  the  responsibility  of  the  Project  Manager  for  Chemicd  Stockpile  Disposal  (PMCSD). 
The  demilitarization/destruction  of  non-stockpile  chemical  materiel  (NSCM),  among  those  items 
are  Chemical  Agent  Identification  Sets  (CAIS),  is  the  responsibility  of  the  Project  Manager  for 
Non-Stockpile  Chemical  Materiel  (PMNSCM).  CAIS  may  contain  agent  in  chloroform  (HD, 

HN  or  L),  agent  (HD,  HN  or  L)  adsorbed  on  charcoal,  and  agent  (HD)  in  neat  form  -  all  packed 

in  glass  ampules.  CAIS  may  also  contain  miscellaneous  materiel/industrial  chemicals.  CAIS 

were  declared  obsolete  in  1971. 


The  PMNSCM  is  developing  the  Rapid  Response  System  (RRS)  for  processing  CAIS. 
The  RRS  is  a  system  of  trailer-mounted  equipment  designed  to  support  on-site  characterization 
and  primary  treatment  of  recovered  CAIS.  Tlie  system  is  designed  for  unpacking,  identification 
of  chemicals,  segregation  of  CAIS  components,  neutralization  of  the  chemical  agents, 
repackaging  of  industrial  chemicals.  The  chemical  agent  wastes  and  repacked  indusMal 
chemicals  will  be  provided  to  a  hazardous  waste  treatment,  storage,  and  disposal  facility  (TSDF) 
for  ultimate  disposal. 


The  RRS  is  designed  to  provide  a  safe  and  environmentally  secure  work  area  to 
chemically  treat  mustard  and  lewisite  agents,  and  to  repackage  industrial  chemicals.  The 
containers  of  neutralized  mustards  and  lewisite,  duimage,  neutralents,  and  the  repacked  industnal 
compounds  will  be  transferred  to  a  TSDF  for  disposal.  It  should  be  noted  that  the  primay 
nbiective  of  the  RRS  chemical  neutralization  process  is  to  convert  CAIS  chemical  agents  to  less 
toxic  products  to  minimize  the  health  hazard  associated  with  the  handling  and  traPSPQrt^tion  of 
demilitarized  non-stockpile  chemical  materiel.  Given  the  chemistry  and  toxicity  characteristics 
of  the  chemical  agents/degradation  products,  and  the  reactants  used  in  the  neutralization  process, 
the  wastestreams  designated  for  transportation  to  TSDFs  are  expected  to  be  complex  mb^es 
exhibiting  various  degrees  of  acute  dermal  toxicities  such  as  irritation;  however,  other  skin- 
injurious  effects  (i.e.  vesication)  are  possible. 


In  preparation  for  the  RRS  test  to  be  conducted  at  Deseret  Chemical  Depot,  Utah,  the 
PMNSCM  has  conducted  dermal  toxicity  evaluations  (vesication  testing)  of  wastestreams 
resultant  from  the  chemical  neutralization  of  CAIS  to  determine  reduction  of  agent  and/or  agent 
degradation  product  vesicancy.  This  document  is  a  synopsis  of  a  technical  report  (Olson  et  al, 

1 997)  on  results  of  vesicancy  studies  conducted  in  hairless  guinea-pigs. 
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1.1  PROCESS  OVERVIEW 

Process  chemistry  developed  for  chemical  agent  “detoxification”,  referred  to  as  the 
neutralization  process,  focused  on  chemical  methods  that  were  capable  of  converting  chemical 
agents  to  products/by-products  with  marked  reduction  in  agent  characteristics  (i.e.  vesication). 
Thus,  chemical  neutralization  processes  were  sought  which;  (1)  achieved  process  simplicity,  (2) 
resulted  in  marked  reduction  in  agent  characteristics,  and  (3)  generated  wastestreams  having 
reduced  toxicity  characteristics  that  can  be  handled  and  disposed  of  in  a  manner  similar  to 
industrial  chemicals  and/or  wastes.  The  process  combines  chemical  agent(s)  with  a  treatment 
solution,  and  oxidndng  chemical  dissolved  in  an  organic/aqueous  solvent  mixture.  The  final 
product  of  the  chemical  neutralization  process  (wastestream)  is  a  complex  mixture  composed  of 
reaction  products,  by-products,  unreacted  racess  reactants,  and  residual  chemical  agent(s). 


A  moderate  oxidizing  agent,  1, 3-dichloro-5, 5-dimethylhydantoin  (DCDMIQ,was  used  in 
all  RRS  process  chemistries.  The  reaction  conditions  varied  depending  on  stoichiometiy, 
sequence  of  addition  of  reacting  mixtures,  and  physical  condition  of  the  chemical  agent  -  whether 
neat,  dissolved  in  chloroform,  or  adsorbed  on  charcoal. 


In  the  nomenclature  of  the  RRS,  chemical  treatment  of  neat  HD  with  DCDMH  in 
organic/aqueous  solvent  is  referred  to  as  the  modified  “Blue”  process.  Chemical  neutralization  of 
dilute  chloroform  solutions  containing  HD,  HN-1  or  L  with  DCDMH  in  organic/aqueous  solvent 
is  identified  as  the  modified  “Red”  process.  Chemical  neutralization  of  HD,  HN-1  or  L  adsorbed 
on  charcoal  with  DCDMH  in  organic/aqueous  solvent  is  referred  to  as  the  “Charcoal”  process. 
Toxicity  characteristics  of  wastestreams  resulting  fi’om  these  neutralization  reactions  were 
expected  to  differ  fi'om  those  of  chemical  agents  and/or  severe  irritant  oxidant/solvent  systems 
used  in  these  reactions.  Consequently,  the  changed  toxicity  characteristics  of  the  resultant 
wastestreams  are  primarily  attributed  to  reduction  in  the  concentration  of  chemical  agent(s). 
However,  the  vesicancy  potential  of  the  wastestreams  would  depend  on  the  degradation 
product(s)  profile  -  presence  of  vesicating  moieties  such  as  HD  sulfone  and  dhdnyl  sulfone. 


1.2  STUDY  PLAN 


Evaluation  of  the  vesicancy  potential  of  neutralized  CAIS  was  conducted  using  a  validated 
animal  model  (hairless  guinea-pig)  to  assess  vesication.  Animals  were  dosed  with  test  article,  and 
treated  skin  evaluated  for  microblister  formation  using  light  microscopy.  The  objective  was  to 
determine  the  efficacy  of  the  neutralization  process  in  reducing  the  vesicating  properties  of  agent 
(HD,  HN  or  L)  as  well  as  forming  product  solutions  with  minimal  vesicant  potential. 
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2. 


Materials  and  Methods 


2.1  Chemicals 


2.1.1  Agents 


Sulfur  mustard  [2,2'-dichlorodiethyl  sulfide  (HD),  CAS  #505-60-2]  furnished  fi-om 
Medical  Research  and  Evaluation  Fadlity  (MREF)  stocks  was  used  neat  (undiluted)  as  a  positive 
control  article  for  vesication*.  Lewisite  [dichloro-2-chlorovinyl  arsdne  (L)]  CAS  #541-25-3  was 
also  furnished  from  MREF  stock.  U.S.  Army  Edgewood  Research,  Development  and 
Engineering  Center  (ERDEC)  provided  a  20  percent  solution  of  nitrogen  mustard  [bis  (2- 
chloroethyl)  ethylamine  (HN-1),  CAS  #538-07-8]  in  chloroform.  Ten  percent  solutions  of  HD, 
HN-1,  or  L  in  chloroform  ^retreated  -  CAIS  which  also  served  as  control  articles  in  the  Phase  n 
portion  (dose-ranging)  of  the  vesication  studies)  were  prepared  at  the  MREF  laboratory  and 
evaluated  for  vesicant  activity  and  other  histopathology  following  dermal  application. 


2.1.2  Chemical  Agent  Identification  Sets  (Synthesized) 


Actual  ampules  from  CAIS  kits  were  not  used;  however  "CAIS  components"  were 
prepared  from  agent  stocks  to  contain  10  percent  agent  in  chloroform  (Chatfield,  et  al.  1995). 
Chemical  Agent  Standard  Analjtical  Reference  Material  (CASARM)  grade  HD  CAS#  505-60-2 
(97.5  mole  %),  nitrogen  mustard  [bis  (2-chloroethyl)  ethylamine  (HN-1)]  CAS  #538-07-8  (^97% 
by  weight),  and  CASARM  grade  lewisite  [dichloro-2-chlorovinyl  arsine  (L)]  CAS  #541-25-3 
(97.8  %  by  weight)  from  stocks  maintained  by  the  Operations  Directorate,  ERDEC  were  used  in 
the  preparation  of  synthesized  CAIS.  CASARM  for  HN-1  is  not  available. 


2.13  Neutralized  Chemical  Agent  Identification  Sets  (Wastestreams) 


Wastestreams  were  provided  by  ERDEC,  Aberdeen  Proving  Ground,  MD.  Wastestreams 
from  the  chemical  neutralization  of  “CAIS  components”  prepared  from  agent  stocks  were  tested 
for  vesicancy  potential.  These  wastestreams  were  prepared  by  ERDEC  as  follows: 


*The  chemical  agents  found  in  CAIS  include  sulfur  mustard,  nitrogen  mustard,  or  lewisite.  Sulfur  mustard  was  used  as 
representative  vesicant  for  these  blistering  agents. 
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-  Wastestreams  from  the  neutralization  of  neat  HD  with  l,3-dichloro-5,5- 
dimethylhydantoin  (DCDMH)  in  CHCl3/t-BuOH/3%  HjO  ("Blue"  process). 

-  Wastestreams  from  the  neutralization  of  10%  HD,  HN,  or  L  (agent  in  CHCI3)  with 
DCDMH  in  CHCl3/t-BuOH/3%  HiO  ("Red"  process). 

-  Wastestreams  from  neutralization  of  HD,  HN,  or  L  (agent  on  charcoal)  with  DCDMH 
in  CHCI3  (HD,  HN  samples)  and  with  DCDMH  in  CHCl3/t-BuOH/3%  H,©  (L  sample) 
("Charcoal"  process). 

2  3 

Two  wastestreams  ("archived"  and  "fresh"  )  were  prepared  for  each  process  -  "Blue", 
"Red",  and  "Charcoal"  -  and  samples  sent  to  the  MREF  for  analysis  of  agent  content  and  for 
vesicancy  testing.  The  stability  of  the  wastestreams  under  conditions  of  administration  were  not 
determined  by  MREF  personnel.  Test  articles  were  "archived"  and  "fresh"  "Blue",  "Red",  and 
"Charcoal"  wastestreams. 


2.1.4  Neutralization  Solution 


Neutralizing  solution  was  prepared  at  the  MREF  to  determine  the  effect  on  the  skin  of 
dosing  this  solution  alone.  For  testing  vesicating  potential,  a  0.555M  l,3-dichloro-5,5- 
dimethylhydantoin  (FW  197.02)  control  article  neutralizing  solution  was  prepared  by  adding 
10.9g  DCDMH  to  a  50:50  tertiary  butanohchloroform  with  3  percent  water  solution  in  a  100-mL 
volumetric  flask  and  adding  sufficient  volume  of  the  butanol/chlorofonn/water  solution  to  bring 
the  volume  to  the  100-mL  mark.  DCDNIH  (CAS  #118-52-5)  was  purchased  from  Aldrich 
Chemical  Company  (St.  Louis,  MO).  Chloroform  (CAS  #67-66-3;  GC/Spectro  grade)  was 
purchased  from  Burdick  and  Jackson  (Muskegon,  MI),  and  tertiary-butyl  alcohol  (CAS  #75-65- 
0;  ACS  Reagent  grade)  from  J.T.  Baker  (Phillipsburg,  NJ).  Distilled  water  was  further  purified 
using  a  Millipore  (Bedford,  MA)  reverse  osmosis  system. 


2.2  Chemical  Neutralization  of  C.AIS 


RRS  chemical  neutralization  technologies  were  developed  for  neutralization  of  chemical 
agents  HD,  HN  and  L.  The  primary  objective  was  to  develop  processes  that  convert  chemical 
agents  to  products/by-products  that  do  not  exhibit  the  highly  toxic  properties  of  the  agents. 
Additionally,  it  was  desirous  to  also  reduce  agent  characteristics  (i.e.  vesication)  of  the  final 
product  solution  (wastestream).  However,  reduction  in  vesication  is  nol  considered  a 


2 

"Archived"  "Blue"  and  "Red"  wastestreams  were  initially  analyzed  at  ERDEC  (Oct  95)  and 
re-analyzed  for  agent  residual  at  the  MREF  euid  tested  for  vesicancy  (March  96;  August  96).  "Charcoal" 
wastestream  initially  analyzed  at  ERDEC  (Nov  95)  was  re-analyzed  eind  test  for  vesicancy  at  the  MREF 
(March  96;  August  96). 

3 

"Fresh"  wastestreams  were  prepared  and  initially  analyzed  at  ERDEC  (June  96)  and  re¬ 
analyzed  and  tested  for  vesicancy  at  the  MREF  (June  96;  August  96). 
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requirement  per  the  Hazardous  Materials  Regulations  (HMR).  All  process  chemistries  used  1,  3- 
dichloro-S,  5-dimethylhydantoin  (DCDMH)  as  neutralizing  reagent.  The  solvent  system  used  in 
the  process  chemistries  was  CHCl3/t-BuOH/3%  HjO).  Formulations  of  treatment  reagent/solvent 
systems  for  the  chemical  neutralization  of  CATS  are  presented  in  Table  1 .  The  principal 
differences  in  the  chemical  composition  of  wastestreams,  originating  from  the  RRS  process 
chemistry,  are  primarily  due  to  the  physichochemical  characteristics  of  the  reactants  in  the 
reaction  mixtures  and  the  agent  undergoing  chemical  treatment.  In  the  presence  of  oxidiang 
agent  (DCDMH),  the  chemical  agent(s)  undergo  oxidation,  chlorination,  ^bstitution,  and/or 
elimination  reactions  to  yield  a  mbrture  of  products/by-products.  Depending  on  volume, 
composition,  and  reaction  conditions  —  residual  chemical  agent,  products/by-products,  and 
varying  amounts  of  unreacted  excess  DCDMH  may  also  be  present  in  the  wastestreams  (Ol^os  et 
al,  1996). 

TABLE  1.  OXIDIZER/SOLVENT  SYSTEM  STOICHIOMETRY  UTILIZED  IN  THE 
MODIFIED  “BLUE”,  “RED”,  AND  “CHARCOAL”  PROCESS 
CHEMISTRIES 


1  volume  of  neat  HD  treated  with  20  volumes  of 0.555M  1 ,3-didiloro-5,5-dimethylhydantom  (DCDMH)  in 
CHClj/t-butanol  (50/50)  with  3%  water  by  volume  ("Blue"  Process) . 

1  volume  of  each  10%  HD  in  CHCl,.  10%  HN  in  CHCl,,  and  10%  L  in  CHCl,  treated  with  4  volumes  of 
0.555M  l,3-dichloro-5,5-dimethyll^dantoin  (DCDMH)  in  50/50  CHCl,/t-butanol  with  3%  water  by  volume 
("Red"  Process). 

45%  by  weight  HD  and  HN-1  oa  charcoal  treated  with  excess  l,3-dichloro-5.5-dimethylhydantoin  in  CHCl, 
combined  with  43%  by  weight  L  with  excess  l,3-didiloro-5,5-dimethylhydantoin  in  CHCl3/t>butanol  (50/50) 
with  3%  water  by  volume  ("Charcoal"  Process). 


2.3  Analytical  Methodologies 


2.3.1  GC-MS  Spectroscopy 


Chemically-treated  (neutralized)  CATS  were  analyzed  for  agent  residue  levels  using  full 
scanning  gc-ms  spectroscopy.  GC-MS  spectroscopy  was  conducted  at  ERDEC  on  all 
wastestreams  provided  to  the  MREF,  and  confirmatory  gc-ms  analysis  was  also  performed  at  the 
MREF  prior  to  conducting  the  bioassays. 


Instrumentation  used  in  the  ERDEC  analysis  of  “archived”  wastestreams  (non-quenched 
samples)  was  a  Hewlett-Packard  5989B  MS  engine  with  Chemstation  Data  System.  Analyses 
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conducted  at  both  ERDEC  and  the  MREF  on  “fresh”  wastestreams,  using  quenching  and 
derivatization  techniques,  utilized  a  Hewlett-Packard  Model  5970B  Mass  Selective  Detector 
(MSD)  with  an  HP  5890A  GC  and  HP  61034  CMS.  For  procedural  details,  the  reader  is  referred 
to  Lucas  (1997),  Lucas  (1996),  as  provided  in  the  report  by  Olson  et  al  1997,  and  Rosso  (1995), 
as  provided  in  ERDEC-TR-372  (Olajos,  et  al.  1996).  Quantitation  was  based  on  internal 
standardization  (internal  standard  =  1,2,4,  5-tetrachlorobenzene).  Calibration  standards  were  as 
follows:  HD  (purity  97.%%),  HN-1  (purity  (96.5%),  and  L  (purity  97.8%). 


Product  identification  of  the  C  AIS  wastestreams  (archived)  was  accomplished  using 
GC/MS  spectroscopy  (El  and  Cl  modes).  These  studies  were  performed  at  ERDEC  per 
procedures  described  by  Rosso  and  co-workers  (Rosso  et  al.  1995)  and  documented  in  the  report 
by  Olajos  et  al.  (Olajos  et  al.  1996). 


23J2  NMR  Spectroscopy 


Nuclear  magnetic  resonance  (nmr)  spectroscopy  analyses  of  “fresh”  wastestreams  were 
conducted  at  ERDEC  as  an  adjimct  to  gc-ms  analyses.  These  analyses  were  performed  using  a 
Varian  Fourier  Transform  (FT)  nmr  spectrometer  operated  at  200  MHZ  for  'H  observation  and  at 
50  MHZ  for  ‘^C  observation.  Quantitative  data  were  obtained  by  digital  integration  of  peak 
areas. 


2.4  Vesicancy  Testing 
2.4.1  Experimental  Design 


Studies  were  conducted  which  utilized  a  validated  animal  model  to  assess  agent-induced 
vesication  of  skin  (Marlow  et  al,  1990  and  Mershon  et  al,  1990).  Microblister  formation  in  the 
hairless  guinea-pig  is  analogous  to  the  changes  seen  in  humans  (Papirmeister  et  al,  1 984).  The 
degree  of  vesication  was  assessed  before  and  after  neutralization  of  agents. 


Thirty-five  male,  hairless  guinea-pigs  were  used  in  a  multiphase  study  (Phase  I  analytical; 
Phase  II  dose-range ;  Phase  III  vesicant  assessment  of  wastestreams)  to  ascertain  the  vesicant 
potential  of  sulfur  mustard  (HD),  agent/chloroform  solutions,  and  product  solutions 
(wastestreams)  from  chemically-neutralized  CAIS.  A  synopsis  of  the  experimental  design  is 
given  in  Table  2. 


Phase  II.  Experiments  were  conducted  to  ascertain  the  biological  effects  of  dosing 
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Table  2.  Synopsis  of  Toxicology  Procedures  and  Number  of  Animals' 


fM  ^  CN  ^ 


m  — 


^  ^  ^ 
C!  S  C! 
o  5:  <o 
rg  2. 


^  2  2-  S-  ^  £•. 


eg 

in  — 


Tf 

CM 

CM 

CM 

CM 

CM 

CM 

0 

£ 

S 

2 

£ 

O  m 

!K  ^  ^ 
£  C  ^ 

p- 


CM  Tf  <N  ^ 


CM 

5“ 

£ 

CM 

£ 

eg 

£ 

0 

CM 

2 

m 

£ 

CM  CS  CS  CM  f-'  ^ 


2  -i  -I  -I  3.  3.  S 

^  ^  ^  T-  ^  o 


=  o  i 

§•  s  I  ^ 

2  5  s.  ® 

O  B.  <  ~ 


moo-' 

^  0  Q 

X 


O 

Z  -i  ^ 

I  3.  :i 


M  C  ^ 

2  S,  I 

E  <  2 


mo  —  £^S®^S® 

S  M  >  > 

^  2  S  f 

•  S  2  2 

*  5  <  < 

2  9:  : 


19 


10a<L 


Table  2.  Synopsis  of  Toxicology  Procedures  and  Number  of  Animals*  (cont’d) 
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volume  and  exposure  duration,  the  uniformity  and  reproducibility  of  responses,  and  the  skin- 
injurious  effects  of  oxidant/solvent  solution.  Eleven  animals  were  dermally  dosed  with  neat  HD 
(1  ul)  and  with  10  percent  agent  (HD,  HN  or  L)  in  chloroform.  Dosing  volumes  ranged  from  5  to 
50  ul,  and  exposure  times  were  1  or  2  hour  durations.  Five  guinea-pigs  were  treated  with 
oxidant/solvent  solution.  The  exposed  skin  was  examined  24-hr  post-exposure  for  presence  of 
gross  and  microscopic  changes. 


Phase  III.  This  phase  was  designed  to  ascertain  the  vesicant  potential  of  neutralized  CMS 
(“archived”  and  “fresh”  wastestreams)  and  that  of  agent/chloroform  solutions.  The  exposed  skin 
was  examined  24  hours  after  “test  article”  application  for  presence  of  skin-injurious  effects 
(gross  and  microscopic). 


2.4^  Care  and  Treatment  of  Animals 


A  total  of  35  male  (approximately  200-350  g  and  3  to  4  weeks  of  age  upon  receipt), 
euthymic  hairless  guinea-pigs  (Crl:IAF  (HA)-hr  BR),  procured  from  Charles  River  Laboratories 
(Wilmington,  MA;  animals  supplied  from  Portage,  MI  facility),  were  used  in  this  study.  Anmals 
were  quarantined  and  screened  for  general  condition  and  health  status,  and  were  maintained  in  a 
program  accredited  by  the  Association  for  the  Assessment  and  Accreditation  of  Laboratory 
Animal  Care  (AAALAC)  International.  Ear  tags  were  applied  to  maintain  positive  identification, 
and  animals  were  maintained  between  approximately  64  and  79  degrees  F  and  40  to  70  percent 
relative  humidity  with  a  12-hr  diurnal  light  cycle.  Food  and  water  were  provided  ad  libitum  and 
animals  were  housed  individually  in  polycarbonate  cages  prior  to  exposure  to  “test  article”. 
Following  treatment,  animals  were  housed  individually  within  a  chemical  fume  hood  during  the 
24-hr  post-erq)osure  period.  Following  recovery  from  anesthesia,  animals  were  given  food  and 
water. 


Animal  Preparation  and  Dosing 


Initially  using  6  mg  xylazine  hydrochloride  and  35  mg  ketamine  hydrochloride  per  kg  of 
body  weight  given  intramuscularly  and  increasing  this  to  13  mg  xylazine  and  87  mg  ketamine/kg 
following  the  first  day  of  dosing,  anesthetized  guinea-pigs  were  dosed  topically  on  both  sides  of 
the  dorsal  midline  with  “test  articles”  (six  to  eight  exposure  sites/animal)  -  see  Fig  1 .  Table  2 
presents  a  synopsis  of  treatments,  application  volumes,  and  exposure  durations.  Approximately 
24  hours  after  dosing,  the  animals  were  again  anesthetized,  sites  evaluated  for  erythema  and 
edema  and  lesion  size,  and  animals  then  sacrificed  with  an  inhalation  anesthetic  (halothane) 
overdose.  Following  euthanasia  skin  samples  were  collected  and  processed  for  histopathology. 
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FIGURE  I.  GUINEA  PIG  SKIN  EXPOSURE  SITES 
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2.5  Histopathologic  Analysis 


Following  euthanasia,  skin  from  the  dosed  sites  was  taken  and  placed  in  bi^ered 
formalin.  After  fixation,  embedding,  and  sectioning,  skin  samples  were  stained  with 
hematoxylin  and  eosin  (H&E)  and  evaluated  for  histopathology.  Histopathologic  lesions 
(microblisters,  epidermal  necrosis,  follicular  necrosis,  dermal  necrosis,  vascular  necrosis, 
hemorrhage,  and  pustular  epidermitis)  were  graded  on  a  scale  of  0-4,  where  0  =  normal,  1  — 
minimal,  2  =  intermediate,  3  =  moderate,  4  =  severe.  Definitions  for  scoring  histopathology  and 
the  criteria  for  grading  severity  of  lesions  are  summarized  in  Table  3.  The  grading  of 
microblister  formation  is  highlighted  in  Table  4. 


2.6  DATA  ANALYSIS 


For  chemistry  data  generated  in  Phase  I,  means  and  standard  deviations  of  responses  of 
each  control  standard  were  determined  to  calculate  both  the  inter-  and  intra-  variability  of  the 
analytical  method.  Calibration  performance  characteristics  for  each  analyte,  such  as  slope  md 
standard  error  of  the  slope,  (measure  of  fit  about  the  regression  line),  method  detection  limits, 
and  quantitation  limits  were  calculated. 


For  Phase  in  data  (vesicating  assessment  of  wastestreams),  statistical  hypothesis  tests 
were  conducted  at  the  5  percent  significance  level  to  determine  whether  or  not  the  neutralization 
process  reduced  the  vesicating  property  of  agents  contained  in  CAIS.  For  each  CAIS  sample,  the 
incidence  of  microblisters  at  sites  treated  with  CAIS  agent(s)  were  compared  to  those  of 
contralateral  sites  treated  with  the  wastestream.  Although  incidence  of  microblisters  was  the 
primary  endpoint  for  evaluating  the  efficacy  of  each  neutralization  process,  analyses  were  also 
conducted  on  other  indices  of  skin  injury  (gross  and  microscopic).  To  accommodate  the  intra¬ 
animal  correlation  of  multiple  measurements  made  on  the  same  animal,  McNemar's  test  was  used 
to  analyze  quantal  data  (Agresti,  1990).  Analysis  of  variance  (ANOVA)  models,  that  include 
random  effects  for  animal,  were  fitted  to  continuous  data.  If  data  were  not  approximately 
normal,  ANOVA  were  conducted  on  transformed  data,  or  nonparametric  or  categorical  methods 
of  analysis  were  performed. 
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TABLE  4.  DEFINITION  OF  DEGREES  OF  SEVERITY  USED  FOR 

fflSTOPATHOLOGIC  EVALUATION  OF  VESICATION  (MICROBLISTER 
FORMATION*) 


1 

Lesion  Characteristic 

Degree  of  Severity 

No  lesion  (unaffected) 

0 

(normal) 

One  or  a  few  isolated  areas  of  detachment 

1 

(minimal) 

Many  small  areas  of  detachment  or  several  larger  areas  of  detachment 

2 

(intermediate) 

>50%  of  the  epidermis  in  tissue  section  is  detached  from  the  dermis 
(much  larger  space  between  basal  cells  and  dermis) 

3 

(moderate) 

Nearly  all  the  epidermis  is  separated  from  the  dermis 

4 

(severe) 

®  Microblister:  loss  of  epideimal  basal  cell  attachment  to  underlying  basement  membrane  of  at  least  two 
adjacent  cells.  Loss  of  attachinent_creme5_a_S£ace^_^________^__^_^^^^^^^_^^^^^_^^_^_ 


3.  Results 


3.1  Chemistry 

Nitrogen  mustard,  sulfur  mustard,  and  lewisite  are  components  of  CAIS  that  were 
chemically  neutralized  (“detoxified”)  on  reaction  with  treatment  reagent  (1, 3-dichloro-5, 5- 
dimethylhydantoin).  The  selection  of  a  particular  process  chemistry  (designated  as  Blue  , 
“Red”,  or  “Charcoal”  process)  was  dependent  on  whether  the  agent  was  neat  material  (HD),  in 
solution  (agent  in  chloroform),  or  adsorbed  on  charcoal.  The  DCDMH-mediated  neutralization 
of  sulfur  mustard  resulted  in  HD  concentrations  below  50  ppm  in  “Blue”  process  wastestream 
(product  solution).  Chemical  treatment  resulted  in  the  conversion  of  sulfur  mustard  to  HD 
sulfoxide  degradation  products  (Further  oxidation  to  sulfone  was  also  a  possibility  under 
conditions  via  neutralization  by  DCDMH).  Secondary  reactions  ( i.e.  elimination/substitution) 
also  occurred  that  produced  chlorinated  and  vinyl  sulfoxides.  The  neutralization  reaction 
between  oxidant  and  CAIS  containing  agent  (HD,  HN  or  L  in  chloroform  -  Red  process) 
resulted  in  complex  product  solutions  containing  various  products/by-products  and  residual 
amounts  of  unreacted  agent.  The  process  chemistry  for  neutralization  of  CAIS  components 
containing  agent  (HD,  HN  or  L)  on  charcoal  (“Charcoal”  process),  also  resulted  in  the  formation 
of  complex  product  solutions.  Residual  amounts  of  agent  were  detected.  Details  pertaining  to 
the  process  chemistry  and  analyses  have  been  reported  in  detail  (Olson  et  al,  1 997  and  Lucas, 
1997). 


The  “archived”  wastestreams  were  additionally  analyzed  for  product/by-product 
composition.  HD  sulfoxide  and  other  degradation  products  resultant  from  secondary  reactions 
(e.g.  elimination,  substitution)  were  detected  in  wastestream  samples.  HD  sulfone  and/or  its 
vinyl  containing  derivatives,  which  are  known  vesicants,  were  nol  detected  in  the  “Blue”  process 
wastestream.  Product  analyses  did  not  reveal  HD  sulfone  or  vinyl/divinyl  analogs  in  the  product 
solution  obtained  from  the  chemical  neutralization  of  CAIS  containing  agent  in  chloroform 
(“Red”  process).  Product  characterization  of  the  “Charcoal”  wastestream  did  not  reveal  HD 
sulfone;  however,  multichlorinated  vinyl  containing  derivatives  (non-vesicant)  were  present  in 
the  product  solution. 


3.2  Dermal  Effects 


3.2.1  Gross  Pathologic  Findings 


Phase  II.  All  skin  exposures  to  HD  and  agent/chloroform  solutions  containing  10  percent 
HD,  HN  or  L  resulted  in  gross  skin  lesions  consisting  of  well-defined  areas  of  edema  and 
erythema  of  moderate  to  severe  intensity.  In  some  instances,  large  areas  of  ulceration  with 
complete  loss  of  the  covering  epidermis  was  evident.  The  skin-injurant  effects  of  HN  and  L  were 
comparable  to  that  produced  by  HD  (refer  to  Table  5  and  Appendix  A).  The  skin-injurious  effect 
of  oxidant/solvent  solution  was  minimal  gross  lesions  (refer  to  Table  5  and  Appendix  A). 


Phase  III.  The  cutaneous  injury  (non-vesicant)  effects  after  one  hour  exposure  to  HD, 
agent/CHClj,  or  CAIS  wastestreams  (“archived”  and  “fi-esh”)  were  evaluated  and  are 
summarized  in  Table  6.  Individual  gross  pathology  data  are  presented  in  Appendix  A.  All  agent- 
dosed  sites  demonstrated  gross  lesions.  Wastestream-induced  dermal  injury  resulted  in  mild  to 
moderate  degrees  of  erythema  and  edema. 


3.2.2  Histopathologic  Findings 


Phase  II.  Two  hour  dermal  exposures  of  animals  to  neat  HD  (1  ^AS)  and  to  various  doses 
(5  -  50  ijL)  of  agent/chloroform  solutions  containing  10  percent  HD,  HN  or  L  resulted  in 
microblister  formation  of  intermediate  to  severe  intensity  -  refer  to  Table  7.  Incidence  of 
histopathologic  changes  are  smnmarized  in  Table  8.  In  some  animals,  large  areas  of  ulceration 
with  loss  of  epidermis  prevented  the  occurrence  of  microblisters.  Individual  animal 
histopathology  data  are  presented  in  Appendix  B.  Based  on  the  outcome  of  the  two-hour 
exposure  studies,  other  guinea  pigs  were  dosed  with  5  and  10  //L  volumes  of  10  percent  agent  in 
chloroform  solutions  and  with  neat  HD  (1  /zL)  at  an  exposure  duration  of  one  hour.  Microblister 
formation  was  evident  at  all  sites,  unless  occurrence  was  precluded  by  development  of  an  ulcer, 
and  ranged  in  severity  from  moderate  to  severe.  The  application  of  5  /uL  of  1 0  percent 
agent/chloroform  solution  resulted  in  microblisters  of  at  least  intermediate  severity.  Refer  to 
Table  7  for  incidence/response  summaiy  and  Appendix  B  for  individual  histopathologic  findings. 
The  oxidant/solvent  system  was  also  evaluated  for  skin  effects.  Animals  treated  with 
oxidant/solvent  solution  did  not  manifest  dermal  lesions  other  than  minimal  inflammatory  cell 
infiltration  -  refer  to  Table  8  and  Appendix  B. 


Phase  III.  Twenty-four  animals  comprising  Phase  III  of  the  study  were  treated  with 
“neutralized”  CAIS  to  ascertain  the  vesicating  potential  of  chemically  degraded  CAIS. 
Incidence/response  data  related  to  microvesication  are  summarized  in  Tables  9, 10,  and  1 1 .  A 
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TABLE  5.  PHASE  II  -  SKIN  REACTION  (ERYTHEMA  AND  EDEMA)  FOLLOWING 
EXPOSURE  TO  HD,  AGENT/CHCL,  SOLUTIONS,  AND  OXIDANT/SOLVENT 
SOLUTION 


Test 

Article 


.02/19/96 
(301,  305) 


02/21/96 
(306, 309) 


02/27/96 

(312,316) 


03/05/96 

(311,313, 

315,317, 

324) 


lO'/oL/CHCl, 

10 

10%L/CHC1, 

50 

lOToHN/CHClj 

10 

10%HN/CHCl3 

50 

10%HD/CHClj 

10 

10%HD/CHC1, 

50 

Neat  HD 

1 

10%L/CHCl3 

5 

10%L/CHClj 

10 

10%HN/CHCl3 

5 

10%HN/CHCl3 

10 

10%HD/CHCl3 

5 

10%HD/CHCl3 

10 

Neat  HD 

1 

lOVoL/CHClj 

5 

lOroL/CHClj 

10 

10%HN/CHCl3 

5 

10%HN/CHCl3 

10 

10%HD/CHCi3 

5 

10%HD/CHCl3 

10 

Neat  HD 

1 

10%L/CHCl3 

5 

10%HN/CHCl3 

5 

10%HD/CHCl3 

5 

Neutralizing 

20 

Solution 

Neat  HD 

1 
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TABLE  7.  PHASE  II.  VESICATION  (MICROBLISTER  FORMATION)  IN  HAIRLESS  GUINEA  PIGS  FOLLOWING 
DERMAL  EXPOSURE  TO  HD,  AGENT/CHCI,  SOLUTIONS,  OR  NEUTRALIZING  SOLUTION 
(DCDMH/CHClj/t-BuOH)  * 
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a  At  24  hr  after  dosing,  animals  were  evaluated  for  skin  injury,  sacrificed,  and  skin  samples  taken  and  prepared  for  histopathology. 
b  Exposure  duration  2  hr. 

c  Ulceration  at  dosing  site  may  have  obscured  evidence  of  microvesication 
d  Exposure  duration  !  hr. 
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summary  of  histopathologic  changes,  including  vesication,  is  presented  in  Tables  12  and  13. 
Individual  histopathology  data  appear  in  Appendix  B.  Eight  animals  were  dosed  with  “archived” 
wastestreams,  agent/chloroform  solutions,  and  neat  HD.  Guinea-pigs  dosed  with  HD  and 
agent/chloroform  solutions  demonstrated  at  least  minimal  microvesication  along  with  consistent, 
marked  epidermal  and  follicular  necrosis.  The  “Blue”  process  wastestream  (“archived”;  25  /zL 
application)  resulted  in  intermediate  to  severe  microblisters  and  severe  epidermal  necrosis  at  all 
sites  dosed  (refer  to  Tables  9  and  13  and  Appendix  B).  The  impression  of  the  pathologist  reading 
the  slides  was  that  lesions  did  not  appear  to  be  “basal  cell  specific”,  as  chemical  blistering  agents 
appear  to  cause,  nor  did  the  lesions  resulting  fi’om  application  of  the  “Blue”  wastestream 
penetrate  deeply  enough  to  cause  severe  necrosis  in  the  follicular  epithelium.  A 
photomicrograph  representative  of  the  morphologic  changes  observed  following  treatment  with  a 
vesicant  is  shown  in  Figure  2a,  and  one  demonstrating  the  appearance  of  normal  hairless  guinea 
pig  epidermis  is  shown  in  Figure  2b.  The  morphologic  changes  seen  consist  of  ballooning 
degeneration  and  loss  of  epidermal  basal  cell  attachment  to  the  underlying  basement  membrane. 
Neither  “Red”  nor  “Charcoal”  process  wastestreams  (“archived”;  25  yuL  application)  produced 
microblisters  (Tables  9  and  12).  The  "Red"  process  wastestream  produced  only  minimal  pustular 
epidermitis  or  minimal  epidermal  necrosis  (refer  to  Table  12  and  Appendix  B).  The  "Charcoal" 
process  wastestream  ("archived";  25  yuL  application)  killed  some  surface  epithelial  cells  (minimal 
to  intermediate  epidermal  necrosis)  but  did  not  penetrate  to  basal  cells  -  refer  to  Table  12  and 
Appendix  B.  Four  guinea  pigs  were  dosed  with  10  of  “Blue”,  “Red”,  and  “Charcoal”  process 

wastestreams  (“^chived”)  and  evaluated  for  dermal  effect.  The  “Blue”  process  wastestream 
induced  microblisters  whereas  the  “Red”  and  “Charcoal”  process  wastestreams  did  not  elicit 
microblister  formation.  The  findings  are  highlighted  in  Table  10.  Histopathology  findings  are 
summarized  in  Tables  12  and  13,  and  individual  histopathology  data  are  presented  in  Appendix  B . 


“Fresh”  wastestream-induced  skin  effects  were  also  evaluated.  Data  on  microvesication 
are  presented  in  Tables  1 1, 12  and  13,  and  other  histopathologic  skin  effects  data  are  given  in 
Tables  12  and  13.  Individual  animal  histopathology  results  are  presented  in  Appendix  B.  All 
agent-dosed  sites  (nwt  HD  and  agent/chloroform  solutions)  and  all  “Blue”  process  wastestream 
sites  demonstrated  histopathologic  lesions  including  microvesication.  In  “fi-esh”  “Red”  process 
wastestre^-dosed  animals,  minimal  to  no  lesions  were  seen  on  histopathologic  examination. 
One  “Red”  process  wastestream  site  in  one  animal  demonstrated  histopathology,  including 
minimal  microvesication;  however,  this  lesion  was  incompatible  with  what  had  been  noted 
previously.  The  “Charcoal”  process  wastestream  did  not  produce  microblisters  and  none  of  the 
sites  demonstrated  histopathology  graded  more  than  minimal 


Text  continues  of  page  40. 
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Fig.  2a.  Typical  microblister  in  a  hairless  guinea  pig  24  hours  after  exposure  to  vesicant. 
Epidermis  is  eosinophilic  and  shrunken  due  to  necrotic  epithelium;  dermis  (D)  is  also 
necrotic  and  contains  an  infiltrate  of  polymorphonuclear  cells  (arrows),  as  does  the 
microblister  cavity  (microvesicle). 
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Fig.  2b.  Normal  skin  from  a  hairless  guinea  pig.  Epidermis  (E)  and  dermis  (D)  are  visible. 
Note  differences  in  appearance  from  the  necrotic  tissue  depicted  in  Fig.  2a.  Magnification  of 
both  skin  photomicrographs  is  the  same. 
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TABLE  9.  PHASE  111.  VESICATION  (MICROBLISTER  FORMATION)  IN  HAIRLESS  GUINEA  PIGS  FOLLOWING 
EXPOSURE  TO  "ARCHIVED"  RRS  WASTESTREAMS,  AGENT/CHCI3  SOLUTIONS,  OR  NEAT  SULFUR 
MUSTARD  (HD)  *  ^ 
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process),  or  with  HD,  HN,  or  L  on  charcoal  (“Charcoal”  process). 


TABLE  11.  PHASE  III.  MICROBLISTER  FORMATION  IN  HAIRLESS  GUINEA  PIGS  FOLLOWING  EXPOSURE  TO 
"FRESH”  RRS  WASTESTREAMS,  AGENT/CHCL  SOLUTIONS.  OR  NEAT  HD 

Microblister  Severity  (0-4) 
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TABLE  12.  PHASE  IH.  SUMMARY  OF  HISTOPATHOLOGY  RESULTS 
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3.3 


Data  Analysis  Results 


3.3.1  Gross  Pathology  (Eiythema  and  Edema) 


Means  and  standard  deviations  were  calculated  for  erythema  and  edema  scores  (Phase  II 
and  III  Studies)  and  for  lesion  areas  (Phase  III  Studies).  Analysis  of  variance  was  performed  for 
inflammation  scores  and  lesion  areas.  Table  6  presents  means  and  standard  deviations  for 
erythema  and  edema  scores.  Significant  decreases  in  average  inflammation  scores  resulted  when 
comparing  wastestream-dosed  (“archived”  or  “fresh”  -25  //L  volume  application)  to  agent-dosed 
sites  (HD  or  agent/chloroform)  -  refer  to  Table  6.  Some  significant  increases  in  lesion  areas  were 
noted  with  wastestreams,  presumably  due  to  the  larger  volume  dosed.  For  the  "August  13,  1996" 
experiment  (vesicancy  assay  of  “archived”  wastestreams),  significant  decreases  in  average 
inflammation  scores  as  well  as  average  lesion  areas  resulted  when  comparing  wastestream-dosed 
(“archived”  “Red”  and  “Blue”  process  wastestreams  - 10  /^L  volume  applications  of 
wastestreams  and  agent/chloroform  solutions)  to  agent-dosed  sites.  All  observed  inflammation 
scores  and  lesion  areas  from  the  “fresh”  “Charcoal”  wastestream-dosed  sites  were  zero. 


3.3.2  Histopathology 

Statistical  analysis  (McNemar’s  test)  of  the  histopathology  data  was  performed  to 
ascertain  the  significance  between  treatment  groups  (neat  HD,  agent/chloroform  solutions,  and 
wastestreams)  at  the  0.05  significance  level.  Sites  dosed  with  “Red”  or  “Charcoal”  wastestream 
(“archived”,  25  yuL  volume  application)  exhibited  a  significant  decrease  in  incidence 
(incidence  =  0)  of  microblisters  compared  to  those  sites  dosed  with  HD  or  agent/chloroform 
solutions.  Sites  dosed  with  the  wastestreams  also  showed  a  significant  decrease  in  the  incidence 
of  follicular  necrosis  compared  to  sites  dosed  with  any  of  the  three  agents  (HD,  HN,  or  L  in 
chloroform;  neat  HD).  Some  significant  neutralized  wastestream  versus  agent  differences  also 
resulted  with  respect  to  incidence  of  epidermal  and  dermal  necrosis. 


Sites  dosed  with  “Red”  wastestream  (“fresh”,  25  /zL  volume  application)  showed  a 
significant  decrease  in  incidence  of  microblisters  (incidence  =  0),  epidermal  necrosis,  and 
follicular  necrosis  compared  to  that  on  sites  dosed  with  any  of  the  three  agents.  Numerical 
reductions  in  some  pathology  from  wastestream-dosed  sites  (“archived”,  10  /^L  volume 
application)  were  observed,  although  they  were  not  statistically  significant  due  to  the  smaller 
number  of  animals  tested. 


Statistical  analysis  of  incidence  of  intermediate  to  severe  histopathologic  signs  was  also 
performed.  Sites  dosed  with  “Red”  or  “Charcoal”  wastestream  (“archived”,  25  /zL  volume 
application)  demonstrated  a  significant  decrease  in  incidence  (incidence  =  0)  of  microblisters 
compared  to  that  on  sites  dosed  with  L/chloroform  and  HN/chlorofbrm.  A  decrease  in  incidence 
(incidence  =  0)  was  also  observed  for  the  “Red”  or  “Charcoal”  wastestream  compared  to  that  on 
sites  dosed  with  HD/chloroform,  but  were  not  statistically  significant  because  only  four  of  the 
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eight  animals  exposed  to  HD/chloroform  had  inteimediate  to  severe  microblisters.  Sites  dosed 
with  “Red”  or  “Charcoal”  wastestream  (“archived”,  25  //L  volume  application)  demonstrated  a 
significant  decrease  in  incidence  of  epidermal  necrosis  and  follicular  necrosis  compared  to  that 
on  sites  dosed  with  any  of  the  three  agents.  Sites  dosed  with  “Red”  wastestream  (“fresh”,  25  /^L 
volume  application)  showed  a  significant  decrease  in  incidence  of  microblisters  (incidence  =  0), 
epidermal  necrosis,  and  follicular  necrosis  compared  to  that  on  sites  dosed  with  any  of  the  three 
agents.  Sites  dosed  with  “Blue”  wastestream  showed  a  significant  decrease  in  incidence  of 
follicular  necrosis  compared  to  that  observed  on  sites  dosed  with  any  of  the  three  agents. 


Sites  dosed  with  "fresh"  "Charcoal"  wastestream  (25  (jL  volume  application)  exhibited  a 
numerical  reduction  in  incidence  (incidence  =  0)  of  microblisters,  although  this  was  not 
statistically  significant  due  to  the  smaller  number  of  ammals  tested,  compared  to  that  observed  on 
sites  dosed  with  any  of  the  three  agents.  Statistical  analyses  also  were  conducted  on  the  pooled 
"Charcoal"  wastestream  data  ("fresh"  and  "archived",  25  /zL  volume  applications-  see  Table  14). 
These  analyses  assumed  that  the  probability  of  a  microblister  and  other  histopathologic  endpoints 
is  similar  for  sites  dosed  with  "archived"  and  "fresh"  "Charcoal"  wastestreams.  Pooled  data  for 
sites  dosed  with  "Charcoal"  wastestream  showed  a  significant  decrease  in  incidence  of 
microhlisters  (incidence  =  0)  and  follicular  necrosis  compared  to  that  on  sites  dosed  with  any  of 
the  three  agents.  Statistical  analyses  of  incidence  of  intermediate  to  severe  histopathologic  signs 
(Tablel  5)  were  also  performed  on  the  pooled  "Charcoal"  wastestream  data  ("fresh"  or 
"archived",  25  fA.  volume  application).  Sites  dosed  with  "Charcoal"  wastestream  showed  a 
significant  derrease  in  incidence  (incidence  =  0)  of  intermediate  to  severe  microblisters, 
epidermal  necrosis,  and  follicular  necrosis  compared  to  that  observed  on  sites  dosed  with  any  of 
the  three  agents. 
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Agent  (L.  HN,  HD)  at  a  concentration  of  10%  in  chloroform 


4.  Discussion 


The  intent  of  the  process  chemistries  was  to  develop  neutralization  reactions  that 
achieved  destruction  of  CAIS  agents,  forming  wastestreams  with  minimal  toxic  hazards. 
Achieving  the  desired  objectives  represented  a  formidable  challenge  since  chemical  reactions 
with  the  agents  can  result  in  the  formation  of  reaction  products/by-products  having  vesicant 
action  and/or  a  high  degree  of  systemic  toxicity.  Destruction  of  agents  involves  complex 
chemical  reactions.  The  toxicity  of  the  degradation  products  resulting  from  the  chemical 
neutralization  of  HD,  HN,  or  L  is  of  concern  to  the  toxicology,  health,  and  regulatory 
communities.  The  current  studies  were  undertaken  to  assess  the  vesicant  properties  of 

neutralized  CAIS. 


Current  methods  for  demilitarizing  CAIS  are  still  based  largely  on  chemical 
neutralization  via  oxidizing  materials.  The  oxidation  of  sulfur  mustod,  as  pointed  out  by  Fr^e 
(1967),  represents  one  of  the  most  important  decontamination  reactions  for  HD.  The  oxidation 
of  sulfur  mustard  via  various  oxidiizers  (e.g.,  hydrogen  peroxide,  hypochloric  acid  and  its  salts, 
potassium  permanganate,  nitric  acid,  DCDMH,  etc.)  yields  various  compounds  whose 
composition  depends  on  the  nature  of  the  oxidant  used  and  the  specific  reaction  conditions. 

Most  easily  formed  is  HD  sulfoxide  which  on  oxidation  yields  HD  sulfone  -  both  represent  major 
oxidation  products  of  sulfur  mustard. 


The  oxidation  of  HD  not  only  alters  the  skin-damaging  properties  of  HD  but  the  systemic 
toxicity  of  sulfur  mustard  as  well.  The  oxidation  of  HD  is  of  great  interest  since  sulfoxide 

formation,  on  chemical  neutralization  of  HD,  can  be  considered  a  detoxification  .  In  contrast, 

the  formation  of  mustard  sulfone,  a  product  of  further  oxidation,  can  contribute  to  an  enhanced 
systemic  toxicity  and  vesicant  potential  of  the  product  solution/mixture.  HD  sulfone,  having  the 
S(0)2  functional  group,  is  highly  poisonous  and  comparable  in  toxicity  to  HD^  Research 
conducted  since  Philips’  review  (Philips,  1950)  on  sulfur  mustard  pharmacology/toxicology 
demonstrated  that  HD  sulfone  is  a  highly  toxic  vesicant. 


Certainly,  based  on  the  known  toxicity  characteristics  of  mustard  sulfone,  mustard 
sulfoxide,  and  their  vinyl  derivatives;  it  is  crucial  that  the  process  chemistries  developed  for  the 
destruction  of  CAIS  employ  oxidants  that  minimize  the  formation  of  HD  sulfone  and  HD  analogs 
having  comparable  biological  activity  (systemic  toxicity  and  vesicancy)  to  that  of  HD. 


^  HD  is  easily  destroyed  by  all  chlorinating  agents  (aqueous  or  anhydrous  medium) . 

Under  appropriate  conditions,  the  chlorination  of  HD  can  proceed  to  form  various  polychlorides. 
In  the  presence  of  water,  chlorination  of  HD  is  altered  resulting  in  the  formation  of  sulfoxides 
(Aleksandrov,  1969).  Sulfoxides  may  undergo  further  oxidation  to  sulfones. 
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The  vesication  potential  of  HD  degradation  products/by-products  is  of  concern  - 
information  pertaining  to  sulfur  mustard  products/by-products  is  summarized  in  Tables  16  and 
17.  The  reader  is  referred  to  a  review  on  the  subject  matter  (Olajos  et  al.  1996). 


Degradation  product(s)  of  nitrogen  mustards  have  not  been  implicated  as  having  vesicant 
potential.  The  principal  degradation  product  of  lewisite,  namely  L  oxide,  is  a  potent  vesicant. 


The  vesicant  potential  of  sulfur  mustard  derivatives  (oxidation  and  chlorination  products) 
has  been  investigated  since  the  1920's.  Research  has  indicated  that  the  strongest  vesicant  action 
is  exerted  by  p-halogenated  sulfides.  The  position  and  degree  of  chlorination  influences  the 
vesicant  potential  of  the  thioether  molecule.  With  respect  to  the  site  of  chlorination,  Kimer 
(1928)  and  Dawson  and  Wardell  (1930)  concluded  that  compounds  having  the  chlorine  atom  in 
the  beta  position  were  considerably  more  vesicant  that  those  having  chlorine  in  the  alpha  or 
gamma  position.  The  degree  of  chlorination  also  influences  the  vesicant  activity  of  the  sulfide 
molecule  and  hence  the  early  use  of  chlorination  to  degrade  HD.  Monosubstitution  analogs  of 
HD,  regardless  of  position,  are  less  effective  vesicants  than  HD.  As  previously  stated,  the 
introduction  of  halogen  atoms  results  in  decreased  toxicity  and  markedly  diminished  vesicant 
action.  Research  in  the  1920s  summarized  by  Bouder  (1940)  -  indicated  that  the  higher 
chlorinated  derivatives  (e.g.,  tri-,  tetra-,  and  hexachloro  derivatives)  of  HD  (saturated  or 
unsaturated)  were  non-vesicant.  A  summary  of  the  vesicant  potential  of  various  chlorinated 
analogs  of  sulfur  mustard  are  given  in  Table  17.  Fuson  et  al.  (1943)  on  review  of  the  vesicant 
activity  of  sulfur  compounds  concluded  that  compoimds  containing  the  S(0)  group  were  non¬ 
vesicant.  Mustard  sulfone,  containing  the  S  (0)2,  functional  group  is  a  known  vesicant  (vesicancy 
potential  1/7  to  1/5  of  HD;  Bergmann  et  al,  1945).  The  formation  of  HD  sulfone  can  contribute 
to  an  enhanced  vesicant  potential  of  the  product  solution/mixture  (wastestream). 


The  lack  of  vesicancy  following  freatment  with  “Red”  and  “Charcoal”  process 
wastestreams  is  indicative  of  the  effectiveness  of  the  neutralization  chemistries  in  destruction  of 
chemical  agent  concomitant  with  the  minimization  of  potentially  vesicant-inducing  products/by¬ 
products.  The  composite  agent  (HD,  HN  and  L)  levels  in  “archived”  and  “fresh”  “Red” 
wastestreams  and  in  “archived”  and  “fresh”  “Charcoal”  wastestreams  did  not  elicit  vesication  in 
the  volumes  dosed.  Treatment  with  “Blue”  process  wastestreams  (“archived”  and  “fresh”) 
resulted  in  a  vesicant  response.  The  bioassay  results  were  unexpected  since  the  agent  (HD) 
residual  level  was  below  50  ppm,  a  level  not  expected  to  elicit  a  vesicant  response.  The  most 
plausible  explanation  is  the  presence  of  vesicating  product(s)/byproduct(s). 
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TABLE  16. 

SYNOPSIS  OF  DERMAL  TOXICITY  DATA  FOR  CAIS  AGENTS, AGENT  DEGRADATION  PRODUCTS, RRS 
OXIDANT,  AND  SOLVENTS* 
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Di vinyl  sulfone  LD30  (•*  20  mg/kg)  Smyth  ei  al  (1962)  Irritant/escharotic,  vesicant  Young  et  ai  (1944); 
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TABLE  17.  VESICATION  POTENTIAL  OF  VARIOUS  ANALOGS/ 
DERIVATIVES  OF  SULFUR  MUSTARD® 


Analogs/Derivatives 
(Saturated  and  Unsaturated) 

Vesicant 

Activity 

References^ 

OXIDIZED  DERIVATIVES 

Mustard  Sulfone 
(sulfone,  bis(2-chloroethyl) 

(POS) 

Marshall  &  Williams  (1921), 

Young  et  al.  (1944) 

Sulfone,  2-chloroethyl  vinyl 

(POS) 

Young  et  al.  (1944) 

Divinyl  Sulfone 

(POS) 

Young  et  al.  (1944), 

Thomson  etal.  (1945) 

Mustard  Sulfoxide 
(sulfoxide,  bis(2-chloroethyl) 

(NEG) 

Marshall  &  Williams  (1921) 

Lawson  &  Dawson  (1927) 
Fusone/o/.  (1943) 

Bergmann  etal.  (1945) 

Divinyl  Sulfoxide 

(NEG) 

Young  at  a/.  (1944) 

Thompson  et  al  (1945) 

Bergmann  et  al  (1945) 

P-chloroethyl  vinyl  sulfoxide 

(NEG) 

Young  eta/.  (1944) 

a,  P'  -trichlorodiethyl  sulfoxide 

(NEG) 

Young  etal  (1944) 

CHLORINATED  DERIVATIVES 

bis(a-chloroethyl)  sulfide 

(NEG) 

Peters  and  Walker  1923) 

Baldwin  et  al.  (1924) 

Kimer  (1928) 

Dawson  &  Wardell  (1930) 

o,  P,  p'  -trichlorodiethyl  sulfide 

(NEG) 

Mann  &  Pope  (1922) 

Lawson  &  Dawson  (1927) 

a,  P,  P,  p'  tetrachlorodiethyl  sulfide 

(NEG) 

Mann  &  Pope  (1922) 

Lawson  &  Dawson  (1927) 

o,  o',  P,  P'  tetrachlorodiethyl  sulfide 

(NEG) 

Lawson  &  Dawson  (1927) 

o,  0  P,  P,  P,  P'  hexachlorodiethyl  sulfide 

(NEG) 

Mann  &  Pope  (1922) 

Lawson  &  Dawson  (1926) 

Dawson  &  Wardell  (1930) 

P-chloroethyl  a,  P  dichlorovinyl  sulfide 

(NEG) 

Lawson  &  Dawson  (1926) 

Kimer  (1928) 

Dawson  &  Wardell  (1930) 

P-chloroethyl  o,  P,  P'  trichlorovinyl 
sulfide 

(NEG) 

Lawson  &  Dawson  (1926) 

Kimer  (1928) 

Dawson  &  Wardell  (1930) 

P-chloroethyl  chlorovinyl  sulfide 
(o  and  P  isomers) 

(POS) 

Lawson  &  Dawson  (1926) 

Dawson  &  Wardell  (1930) 

Fuson  et  al  (1943) 

^  Table  from  Olajos  et  al., 

1996 

Citations  are  primary  and/or  secondary 
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5.  Conclusions 

Based  on  the  findings  of  these  studies  the  following  conclusions  can  be  made. 

•  The  vesicating  properties  of  the  “Blue”  wastestream  (product  solution  from  neutralized 
neat  HD)  were  not  significantly  reduced  fi'om  that  of  the  untreated  CAIS  (neat  HD)  prior 
to  treatment  with  neutralization  solution. 

•  The  vesicating  properties  of  both  “Red”  and  “Charcoal”  wastestreams  (product  solutions 
fi'om  neutralized  agent/CHCl3  and  agent/charcoal,  respectively),  in  the  volumes  dosed, 
were  significantly  lower  than  the  untreated  CAIS  agent  solutions. 

•  The  microvesicancy  test  results  on  the  "archived"  wastestreams  and  "fi'esh"  wastestreams 
suggest  that  storage  had  not  altered  the  vesicancy  potential  of  the  product  solutions 
(wastestreams). 
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Project#;  01555-90^ 
MREF  Protocol  #:  1112 
Day:  _  Lj 


4^  Date: 

22^ _  Study  Director:  Carl  Olson _ 

Lesion  Read  By:  CSTC'  Lesions  Recorded  By;  . 


c 

E 

G 

B 

D 

F 

H 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  A  /Oh  HJUju^L. 

Site 

Site  COaJ^/07o  Ljl^CH 
Site  V>.Clr)M^  y'yuLUpLcXL^. 
Site  E»51/  P  ‘/0'7o 
Site  F  (QOmJ^ O  ui7>.aX^ 

Site  Ho_ 


Site  K  SiC\X^.^JLL 
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R  =  Erythema 
E  ~  Edema 

1  =  Mild 

2  =  Moderate 

3  5=  Severe 


<2  wV 


Vi.K  c.\ 

ih  No 


D-11 


Project  #:  GI555- 
MREF  Protocol  " : 
Day: 


Lesion  Sites 


Animal  I.D.  H 


3  to 


LESION  SIZE  DE‘=^'MINATION  SHEET 

.  4 

SA  Date: _ 

U2_  Study  Director:  Carl  01  sc 

Lesion  Read  Bv:  ^24 _  _  Lesions  Record 


Lesions  Recorded  By: 


c 

E 

G 

B 

D 

F 

COMMENTS 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N.-Tl  =  Not  required 


R  *  Erythema  ^ 

E  =  EdemA 


£  ==  Edema 

1  =Mild 

2  =  Moderate 

3  =  Severe 


Site  KS'^/(f7n  HD^(LHt Is 
Site  AC  G  ir^ 

Site  C'^^‘-iJ-/D^v  H A).Ly^(LH( J S 
Site  D  -!?  — ^-0  Q./A^)j2^LAjLaxT.--' 

Site L^^.^(LHCi-3 

% 

Site  ¥ <P-S'MJJ2^^\JlAJL£rQ^  (A^CL^Luit^^^>~- 
Site  r>  ! t> 
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LESION  SIZE  DET-PT^MINATION  SHEET 

Project  jy:  01555- SSA  Date: 

MREF  Protocol  #:  mo  R-La.^^^ _  Study  Director:  Carl  Olson. - 

Day:  ^ _  Lesion  Read  By:  oi  Lesions  Recorded  By: 


Lesion  Sites 

A 

c 

E 

G 

B 

D 

F 

COMMENTS 

Animal  LD.  # 

HRf 

'M 

- ~  - 

/?'3 

C-i 

R'3 

&-% 

i?-3 

e^ds 

/?-/ 

C-2. 

fi-it 

• 

.  y 

• 

M  ^  .  t  4 

/H  ALv 

All  measurements  in  millimeters 
N/A  ■=  Not  applicable 
N/R  «  Not  required 


R  =  Eiythema 
£  s  Edema 

1  *  Mild 

2  «  Moderate 

3  «  Severe 


.CL. 


Site  A  /(?  /r»  n  ^13  /  J^d-.  ^  t>.  au£A.^-^  ^  ...j  J  L^d^- 


Site  r^^Qicfr^Hn'^CHCi^ 

Site D ^S'juJL^‘‘^  ■ 

Site  /^^O  HaJu^CMCIi, 

Site  V^S'^Q  RAxa-,U'^flbntT/C|^^/^ 
Site  r.  LmA  H  D — 


3-/V-f4  Ji^ 

0.0  a^W(Uu_xAW^ 

CMJ'  0.^.  ' 
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LESION  SIZE  DE'^-PMINATION  SHEET 


Project  #: 


MREF  Protocol  #: 


Date: 


Study  Director: 


Lesion  Read  By: 


Lesions  Recorded  By: 


Lesion  Sites 


D  F  COMMENTS 


All  measurements  in  millimeters 
N/A  »  Not  applicable 
N/R  =  Not  required 


Site  A  < 


R  -  Eiythenm  jLy»^JLa 


E  ^  Edema 
l«Mild 

2  s  Moderate 

3  «=  Severe 


(5,0  O-v^-cL  1  Ol/w^uOo-AJ 
Cl/»^  OtS 


JU  JiJf^JLASLjo-y^ 


'i'V 
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LESION  SIZE  DEVEIMINATION  SHEET 


Project  P: 


Date:  3-  /V-*?  6 


MREF  Protocol  P: 


.£L-<u-  3  Studv  Director; 


Lesion  Read  By; 


Lesions  Recorded  By:  /O  /x- 


Lesion  Sites 

Animal  LD.  ^ 


77^3  ^,3  R-iL 

^ 


COMMENTS 


(i-  a'-  ' 
CfiLT  iT-ii- 


All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


.Pj .AJ  jcry^  >L8-<o-oL>»i-«0  4-®  a'-' 

cLcSilA-'VVli/rvja^L  cCfc  .  ^  1-  q  ^ 

0.0 

O.r  3 


CzM^^CUlpsAiXQi  A(L  JUAJ-^ery^  >U-i 

R  =  ^toema  dLiLL-virul/rviuA-  cdb  . 

1  =  MDd  0*0  CX-iA-eL/  ( 

2  =  Moderate  djiAL-^_txXLa^  o-O 

3  =  Severe 


Site  A:! 


Site  C  5" 
Site  D  55^ 


Wr.L^C.HCh 


Site  E  S  (  G^rx  M._ 


CMC  I-. 


iti-AiA£-4X/*U-^r 


Site  C_ 


h  D 
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LESION  SIZE  DEZERiMINATION  SHEET 


Project#:  01555- 
MREF  Protocol  #: 


Lesion  Read  By: 


Date: 


_2 _  Study  Director: 


Lesions  Recorded  By: 


Lesion  Sites 
Animal  LD.  ^ 


COMMEiNTS 


£:i  i'.f  fcf  i:i  l-f 


_ ^ _ Si. _ 


All  measurexneats  in  millimeters 
N/A  Not  applicable 
N/R  *  Not  required 


Site 


SiteB.^ 


Site  C 


Site  D. 


Site  H. 


Site  F 


Site  G_ 


1  «  Mild  O.o  0-v^  / 

2  »  Moderate  CUO  0.5  • 

3  *  Severe  . .  d 

,  (^fit  jjJiujudXU^  <i 

lu-^ur^  '  2-p.y-96 

j  Ul,  "i.  ,uJL<lit.>  .' 

r-.  xrvui  ^oUjLUr^ 


c.'v 
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D- 


Project#: 

IvIREF  Protocol  #: 
Day;  _ 


Lesion  Sites 


Animal  LD.  # 


LESION  SIZE  DEPE^INATION  SHEET 

Date: 


Lesion  Read  By: 


■iL^  Study  Director: 
3v:  d  Lesi( 


Lesions  Recorded  By:  ^ 


c 

E 

G 

B 

D 

F 

COMMENTS 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  A  ^^uJLLl 
Site  B  C 

Site  C.5luJi  li 

Site  D_2:SLiii. 
Site  E  1 

Site 

Site  G  / 


R  =  Erythema 
£  =  Edema 

1  =  Mild 

2  =  Moderate 

3  =  Severe 


;^Luul/VvV-^ 


(hAC  uOauudir^ 

*  * 

4  1- 


3l  I  'J 


Form  No.  HREF-LESION. SIZ-07 

Appendix  A 


71 


Project  it:  G1555- 
MREF  Protocol  #: 


LESION  SIZE  DElFFSvIINATION  SHEET 

Date;  ^ 

P^l^QjLs-  5  Study  Director:  Carl  Olson _ 


Lesion  Sites 


Animal  LD.  it 


Lesion  Read  By: 


Lesions  Recorded  By: 


c 

E 

G 

B 

D 

F 

COMMENTS 

All  zneasurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


R  «  Erythema 
£  «  Edema 

1  =Mi]d 

2  =  Moderate 


(D  A-d, 

•--.ij-fiL, 


Site  A  O.AJLX  lU  /e  H-nu 
Site  B  ^  /^JuL  lC>&. 

Site  C  iSVtof  /  O^n  HaJ^ 
Site  IILl^LOcu 

Site  e5Lcl^  /dVoLJ^v 
Site  F, 

Site  G  I 


.CJjCl2> 
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Project  G1555- 
MREF  Protocol 


LESION  SIZE  DETERMINATION  SHEET 

Date: 


Lesion  Read  By: 


S _  Study  Director:  Carl  Olson - 

:  Lesions  Recorded  By: 


Lesion  Sites 


Animal  LD.  # 


c 

E 

G 

B 

D 

F 

COMMENTS 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  A_ 


■  R  =  Erythema 
£  =  Edema 

1  «  Mild 

2  =  Moderate 

3  =  Severe 


O.o  U>(^ 


O.iT 


Site 

Site  cSlyuJ  /D‘7z^  c.  / ^ 

Site  D  C.I..olA  (Le-ixi.  UJ 

Site  '^  ft'-LiJ.  /tj^r  H 

Site  F /^jltL  LL)c>.Mj.i, .tru^--' 

Site  Q_ 


OyU.^'iuH.j.uJiM  AAjCjrici^ 


\Ju  z.  ^jJicJA,cdCi-^\^  ^a-crtjLxL  dLoI .' 
'-f  -  .A/rvLoJJi 

O  -  .xVVVijELuj^*r~ 


6^J2. 
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LESION  SIZE  DETPJiMINATION  SHEET 
Project  #:  G1555-  3RA  Date: 

MREF  Protocol  #:  109  Pv>o.n_'Si  Study  Director:  Carl  Olson _ 

Day:  _  Lesion  Read  By:  Lesions  Recorded  By: 


Lesion  Sites 

B 

C 

E 

G 

B 

D 

F 

H 

COMMENTS 

Animal  I.D.  Jif 

34G 

Wk 

jm 

IB 

0  ^ 

R.-a 

e-i. 

R^-C 

e-c? 

R.-/ 

R.-0 

E-£» 

R.-/ 

E-/ 

• 

All  zneasiirements  in  millimeters  R  =  Eiythenui 

N/A  =  Not  applicable  E  *=  Edema 

N/R  =  Not  required  1  =  Mild 

2  =  Moder^^c 

3  =  Severe 

Site  A  L 

Site  B 

Site  c  \a\^ 


Site  D.  25=»A-  VaW 


Site  V.  5>^  VGle-^V^ 

SitS  y 

Site  G  I  \:VT^ 


Site  H_ 


^  \  ^Unhi 
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LESION  SIZE  determination  SHEET 


Project  #: 


Date: 


MREF  Protocol 


Study  Director: 


Lesion  Read  By: 


Lesions  Recorded  By: 


All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  r  VrV^:^OACJL^ 

Site  D  ^  T-g  * 

Site  P 


R  =  Erythema 
E  «  Edema 

1  =  Mild 

2  —  Moderate 

3  =  Severe 


(fc/rC 


O^yyi,^  a^fi^cvu-»Jr 


ju  ^  4. .  . ,  '  ,  n. 


^  -z. 

5"-  ^'r><JLcJUu^''r^' 
6 


Site  G. 


Site  H 
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Project#:  Cli55- 
MREF  Protocol  #: 
Day:  2- _ 


Lesion  Sites 


Animal  I.D.  # 


LESION  SIZE  DETEPJvIINATION  SHEET 

Date:  C— S.\ 


Lesion  Read  By: 


Study  Director:  Carl  Olson _ 

^  Lesions  Recorded  By: 


c 

E 

G 

B 

D 

F 

H 

|fc-3 


<3.  >-7 


All  measurements  in  miUimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  A 
Site B 

Site  C  S^^VCTId^— ^ 
Site  D  ^ 

Site  E  5^iSLVC?lo 
Site  F 
Site  G  I 

Site  H  LSL ^ 
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R  =  Erythema 
E  =  Edema 

1  =  Mild 

2  —  Moderate 

3  =  Severe 


0  “  * 

yi^t^ud^uC  *s> 


^  cxxjun^ 

a/  "i-  yjyyM  z/ 


LESION  SIZE  DEtEEJvIlNATION  SHEET 


Project  G1555-  38 A 


Date: 


MREF  Protocol  it:  109  study  Director:  Carl  Qlsoa 


Day: 


Lesion  Read  By: 


Lesions  Recorded  By: 


N/R  =  Not  required  1  =  Mild 

2  =  Moderate 

3  =  Severe 


Site  A 
Site  B 
Site  r 
Site  D. 

Site  F 

Site  F  ...s- 


Site 
Site  H. 


o 


L 
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D-23 


All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  A 


R  =  Erythema 
E  =  Edema 

1  =  Mild 

2  =  Moderate 

3  =  Severe 


XZjSlu.i  J^LL(L^-  Lu  GL^JCj^V'dLO-'i 


Site  C  -DUI 


Site  D 


(j)/i  CL  .x)^C!Lny3:tCtrK.'  ^ 

LO  pj^SUVrLtrj^iX>A  At^c: 

^1  ■:  yd'Y^^o.  «-CL 

f 


Site  / 07z:> 

Site  P  <^>•‘7^0^  ■  U) 


L  --  .Sic 


Site  CJJ:^ 


Site  H 


n 

\^OJl 


SG^v-  t|2s(‘:^ 
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Project  ff :  01555-  38  A 

MREF  Protocol  /La  -XL^' 

Day:  _  Lesion  Read  By: 


Lesion  Sites 


Aniinal  LD. 


LESION  SIZE  determination  SHEET 

Date:  '  ^ 


Study  Director: 

Lesii 


Lesions  Recorded  By 


E 

G 

B 

D 

F 

H 

All  measurements  in  millimecers 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site  A:s 
Site 
Site  Ci 
Site  D-^ 
Site  EjJ 


COMMENTS 


X 

U 

R‘3 

^-3 

£:-3 

a> 

LL^(a 

t-rt. 

_/S 

R~d 

E-O 

R-X 

iS-  / 

;e-/ 

R-R 

E-/ 

R  =  Erythema 
£  ss  Edema 

1  =  Mild 

2  =  Moderate 

3  =  Severe 


:-b 


f/U  C  H^-(3 


Site  F  vj3  U3  (LaJU. 

Site  G  /.^clJL  /~/ O 


Site  Hi 


15  u!j  CUl.Le^O.L’u- 


C  Ojj2^iOLrx^>^ 

(P  ■'f  (L  x>TtLfTV-‘  cL^-tL£^ 


,-x>urt- 


—••^0  —  _,C _  n.trir 

4  -  vvi.cJL4_. 
S'r_.r»xju:LLLcv^ 

^  ■  JLot-'Wlr  . 


CL“ 
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D-25 


Project#:  G1555- 
MREF  Protocol  #: 
Day:  ^ 


Lesion  Sites 


Axiimal  I.D.  # 


5^'/ 


LESION  SIZE  DETERMINATION  SHEET 

Date: 


Lesion  Read  By: 


Study  Director:  Carl  Olson 

Lesions  Recorded  By: 


c 

E 

G 

B 

D 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site 


Site  Bj 
Site  Cj 
Site  Dt 


'6  7d  /-  <-^CJ 
AJid-  lOo_£t 


R  Erythema 
E  =  Edema 

1  =  Mild 

2  —  Modenife 

3  =  Sc’'fci*e 


O-s-yn^urt, 


/O  7c<  /-iP 

site  F 

Site  G.  /juJL  // D 

Site  H  -^3  \a',  Zi  (  At'  ^ 


Site  H  AD 
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LESION  SIZE  DETP-^MINATION  SHEET 


Project#:  01555-  38 A 


Date:  '7-^  d'  _ 


0  / 

IvlREF  Protocol  #:  lOQ  •p"^4<l.<U-^.5  Study  Director:  Carl  Olson 


Day: 


Lesion  Read  By:  ^  Lesions  Recorded  By: 


Lesion  Sites 

B 

E 

G 

B 

D 

F 

H 

COMMENTS 

Animal  I.D.  ^ 

ESH 

m 

IB 

IS3 

Bi 

99 

la 

R-3 

C.-3 

bH 

la^H 

a:-/ 

t?'/ 

9B 

sm 

IIHBb 

Bm 

■a 

1^1 

H| 

_ 

/ 

All  measurements  in  millimeters 
N/A  —  Not  applicable 
N/R  =  Not  required 


R  =  Erythema 
E  =  Edema 
1  =:  Mild 

3  =  Severe 


Site  P.^r.J//n7n  1 3 

Site  yh^'J  bJ  CLdV jr,yAju^ — ' 

Site  rS^/n.  h 

Site  D 

Site  V.SjU  /OHo  l^uyr^(LHQ^  1 3 
Site 

Site  G  / H D 
Site 
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Project  #:  G1555- 
MREF  Protocol  #: 


LESION  SIZE  DET^MINATION  SHEET 
f^A  Date: 

m  5  Study  Director;  Carl  Qlsc 

Lesion  Read  By:  .  Lesions  Record 


Lesions  Recorded  By: 


Lesion  Sites 


Animal  LD.  # 


c 

E 

G 

B 

D 

F 

H 

ui. 


All  zneasitrements  in  millimeters 
N/A  -  Not  applicable 
N/R  =  Not  required 


Site  A  /QJjlV  //y_ 

siteB  iojJ/JA 

Site  QjIhlAdDl 

Sifft  B  /  OjuS'  (LPu 
SiteE/CW^  /O^ 
Site  F  )  LjukO  /U- 


R  3=  Erythema 
E  *=  Edema 

1  «  MDd 

2  =•  Moderate 

3  =  Severe 


Ci'  v 
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'  lesion  SIZE  DETER'MfNATION  SHEET 
Project/?:  01555-  38A-  -  -  Dace:' 

MREF  Protocol  #:  IQQ  Akr,  ^Lg  Study  Director;  Csr!  QJiOn - 

0  Lesion  Read  By:  ^  Lesions  Recorded  By; 


Day: 


Lesion  Sites 

B 

E 

G 

B 

D 

F 

H 

COMMENTS 

Animal  LD.  # 

B 

i@a 

^1 

a 

IB 

BB 

■ 

■ 

H 

3Hi 

9Bi 

R->=>i3> 

B-O 

J 

_j 

■ 

■ 

L 

■ 

■ 

■ 

■ 

□ 

□ 

mtmnem 

All  zne^suremeats  in  millimeters 
N/A  —  Not  applicable 
N/R  =  Not  required 


R  =  Erythema 
E  =  Edema 

1  =  Mild 

2  =  Moderate 

3  =  Severe 


Site  Afn.fJ  hi/ ^  Mr. 

Site  r /(OaxO 
Site  D  lO.JU^  .d-Px^O- 

c...fD.0iD-roHb^CHCl3 

Site  r  !T>  AX&  uj( 

(P-RiTg-g-  _ _ _ 
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Project  n\.  r7l555- 
IvIREF  Protocol  #: 


LESION  SIZE  DETERMINATION  SHEET 

Date; 

X  3  Study  Director:  Carl  OKon 


Lesion  Sites 


Animal  I.D.  tt 


Lesion  Read  By: 


Lesions  Recorded  By: 


c 

E 

G 

B 

D 

F 

H 

0^ 

X 

1 

<2)' 

(p 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


Site 

Site 

Site  CX^ 
Site  dJA 
Site  ^JJ- 
Site  fXC 


R  =  Eiythema 
E  =  Edema 

1  =  Mild 

2  =  Moderate 

3  =  Severe 
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LESION  SIZE  DETERMINATION  SHEET 
Project  it:  01555-  38A  Date:  _9-  !  Hz2£ 

MREF  Protocol  mo  Study  Director;  Carl  OIsqd - 

Day:  ^  Lesion  Read  By:  ^ _  Lesions  Recorded  By: 


Lesion  Sites 

B 

c 

E 

G 

B 

D 

B 

COMMENTS 

j^H 

B 

Bi 

i^fl 

a>i 

■ 

mk 

BBsa 

Gi 

■ 

.SSSES 

mm 

a-? 

■ 

■ 

n  \ 

Er-I 

■ 

_J 

- 

•• 

1 

z 

— 

-  .  *4^  ^  ^  ^  ^ 

All  measurements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


R  =  Erythema 
E  *  Edema 

1  =  Mild 

2  =  Moderate 

3  =  Severe 


y/>^ 


Site  A.  ..0  /c^ 

Site  B  !  r\jJ} 

Site  r  ! 

Site  D 

Site  E.  ;n  ,.  8  /O^-X  »ri;^jCHC/3 
Si„  F  (r^  -.0 

^  '  Gill.  C~ - - - 

Hrz - - - - - - 
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D-31 


LESION  SIZE  r’"^=RMINATTOM  SHEET 


Project  i?;  01555-  38  A 
MRE?  Protocol  109 
Day:  __ 


Date: 


Study  Director:  Car!  O'^nn 
Lesion  Read  3y:  Ojna-  Lesions  Recorded  By: 


Lesion  Sites 

A 

c 

£ 

G 

B 

D 

F 

H 

COMMENTS 

l^fSH 

mi 

m 

© 

■1^ 

o 

U 

iPlHH 

tssH 

mm 

■ 

■ 

■ 

■ 

_ 

1 

■1 

■ 

2^ 

■B! 

All  measurements  in  millimeters 
N/A  *  Not  applicable 
N/R  =  Not  required 


R  =  Erythema 
E  *=  Edema 

1  =  Mild 

2  »  Moderate 

3  Severe 


o= 


Si,e  II  2.^^,  (i.  flXa.'  C  IrcC 

Site  C. 

Site  T)  O^.uSl 

S.„  ^Jrnf.m%H/i'^CHr.h 

r.LcL\r-  LOcL<rG.!.-i-tA.<- 


0,  H 


ijite 
■SiT!i"C 
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LESION  SIZE  r'‘~^RiVf [NATION  SHEET 
Project#:  01555-  38A-  Date; 

MREF  Protocol  #:  lOQ  Study  Director:  Ca.:',  Olson - 

Day;  ^  Lesion  Read  By:  CjTO _  Lesions  Recorded  By: 


All  zncasiirements  in  millimeters 
N/A  =  Not  applicable 
N/R  =  Not  required 


R  =  Erythema 
E  =  Edema 

1  =  MDd 

2  =  Moderate 

3  =  Severe 


Site  aS'^  ir‘'7r- 

Site  Tt4Z5DjiI 

Site  JOVo 

Site  D  /:JnjuurJ^  UJ 

s ite  F  ^.J^A  r/r-ni 


/V'AL-' 


STte-H: 
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CD  fid-  'Xf^-dL-CJU  ...^^LiXLpC 


n 

G 

B 

D  F 

H 

COMMENTS 

*=^0^ 

tef< 

12^ 

a>| 

■ 

1- 

^1 

la 

■ 

■ 

[I 

’ 

_ 

L 

■ 

■ 

<- 

-J 

(S> 


uioe-v^ 


S--3>-*IC3 
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UJU 


LESION  SIZE  determination  SHEcT 
Project 01555-  38  A  Date: 

MREF  Protocol  109  -P-LfLo(L^3  Study  Director:  Qlspn - 

Dav:  "Z-  Lesion  Read  By:  Cto  Lesions  Recorded  By:  _ 


Lesion  Sites 


Anixnai  LD.  ^ 


c 

c 

G 

B 

D 

F 

K 

COMMENTS 

All  measurements  in  millimeters 
N/A  *  Not  appb'cablc 
N/R  =  Not  required 


R  *s  Erythema 
E  *=  Edema 

1  =  Mdd 

2  =  Mofierate 

3  s  Szv^^t 


Site  jlUL/U 

Site  B  StSjdL  .<cAji^c-c-aX^  iO  c 

Site  cSluJi  f D%  Vt,0j.A~-'  M 
Sice  D,r251tj.  zJ\npJ’  (^0  Ll\aj 

Site  0%  L.2^  (L-H(Li 

•i.ie  /^AjxaJ?  b^..  Ui  I 


Si 


■qJlW 
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LESION  SrZE  DETERMINATION  SHEET 
Project  01555-  38A  Date: _ 

.  ..  ...  .  /O  C  —1  r. _ I..  •...  <~-_i  /"M. _ 


MREF  Protocol  109  ^ .  “E  Study  Director:  Car!  OI<;on _ 

Dav:  “S- _  Lesion  Read  By:  Lesions  Recorded  By:  _ £ 


Lesion  Sites 


Animal  I.D.  ^ 


c 

E 

G 

B 

D 

COMMENTS 


All  measurements  in  millimeters 
N/A  —  Not  applicable 
N/R  =  Not  required 


Site  A^ 
Site  Bj 
Site  Ci 
Site  D= 


R  «  Erythema 
£  c  Edema 

1  =  md 

2  «  Moderate 

3  «  Severe 


tCt/UUuri^ 


H/V^ 

(j.  /  >  k  ^  \  r 


0= 
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E-1 


Definitions  Used  in  Histopathologic  Evaluations 
and  an  Explanation  of  the  Grading  of  Lesion  Severity 

Microblister:  Loss  of  epidermal  basal  cell  attachment  to  the  underlying  basement  membrane 
of  at  least  two  adjacent  cells.  The  loss  of  attachment  creates  a  space  which  may  appear  empty, 
full  of  proteinaceous  fluid,  or  filled  with  neutrophils.  One  or  a  few  isolated  small  areas  of 
detachment  is  graded  1,  minimal.  Many  such  areas  of  detachment,  or  several  larger  (10  or 
more  contiguous  cells)  areas  of  detachment  is  graded  2,  mild.  When  half  or  more  of  the 
epidermis  in  the  tissue  section  is  detached  from  the  dermis,  it  is  graded  3,  moderate.  Such 
lesions  typically  have  a  much  larger  space  between  the  basal  cells  and  the  dermis.  When 
nearly  aU  of  the  qpidermis  is  separated  from  the  dermis,  it  is  graded  4,  marked.  In  such 
situations,  there  are  usually  foci,  point  attachments,  so  the  entire  epidermis  is  not  lifted  along 
the  full  width  of  the  section. 

Epidermal  necrosis:  The  qjidermal  cells  exhibit  cytoplasmic  eosinophilia,  nuclear  loss  or 
pyknosis,  and  are  generally  shrunken.  If  only  individual  cells  are  affected,  it  is  graded  1 
(these  are  generally  isolated  basal  cells).  If  small  areas  are  affected,  with  normal  areas  in 
close  proximity,  it  is  graded  2.  If  the  epidermis  exhibits  cell  death  in  a  full-thickness  (all 
layers  of  epidermis)  pattern,  and  affects  half  or  more  of  the  skin  section,  it  is  graded  3.  If  the 
epidermis  is  virtually  entirely  necrotic,  it  is  graded  4.  Severe  ulcers  assume  that  the  qpidermis 
is  necrotic. 

Follicular  necrosis:  If  isolated  epithelial  cells  of  the  hair  follicles  exhibit  eosinophilia  or 
pyknosis,  it  is  graded  1.  If  clusters  of  adjacent  cells  within  follicles  are  dead,  it  is  graded  2. 

If  cells  of  half  or  more  of  a  particular  hair  follicle  are  dead,  it  is  graded  3.  Grade  4  lesions 
have  complete  necrosis  of  the  follicular  epithelium  underlying  much  of  the  epidermal  lesion 
area.  This  indicates  that  the  agent  has  penetrated  deeply. 

Dermal  necrosis:  Loss  of  collagen  fiber  integrity,  evidenced  by  pale  eosinophilic  staining  and 
homogeneous  appearance,  indicates  necrosis  of  dermal  fibers.  With  only  isolated  areas,  it  is 
graded  1.  Multiple  areas  are  graded  2.  Necrosis  of  most  of  the  superficial  dermal  collagen  in 
the  lesion  area  is  graded  3.  A  grade  four  lesion  requires  deep  (to  the  base  of  the  associated 
adnexa)  dermal  necrosis. 

Hemorrhage:  Extravasated  erythrocytes  is  hemorrhage.  A  few  isolated  foci  is  graded  1. 
Multiple,  common  foci  is  graded  2.  Large  pools  of  blood  is  graded  3.  A  grade  four  lesion 
requires  a  massive  area  of  blood  pooling  with  displacement  of  large  areas  of  dermal  collagen. 

Vascular  necrosis:  Loss  of  integrity  of  a  medium  to  large  blood  vessel  is  vascular  necrosis. 
Grading  depends  upon  the  number  of  vessels  affected  and  the  severity.  Partial  necrosis  of  one 
vessel  is  graded  1  to  2.  Complete  necrosis  of  a  vessel  is  graded  3;  multiple  such  lesions  are 
graded  4. 

Pustular  epidermitis:  Collections  of  neutrophils  in  the  epidermis  proper  is  graded  by  extent; 
one  or  two  small  foci  is  graded  1;  three  or  more  small  foci  is  graded  2;  one  or  more  large  foci 
is  graded  3;  a  grade  four  lesion  would  indicate  massive  infiltration  of  the  entire  epidermis  by 
neutrophils. 
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E-2 


Task  95-38,  Phase  2a,  Day  1 

Key  for  HGPs  #301  and  305  dosed  2/19/1996.  Exposure  duration  -  2  hr. 


Animal  #  301 


Site 

Treatment 

A 

10  ptL  of  10%  HD  in  CHCI3 

B 

50  /iL  of  10%  HD  in  CHCI3 

C 

10  /xL  of  10%  HN  in  CHCI3 

D 

50  (iL  of  10%  HN  in  CHCI3 

E 

10  ftL  of  10%  L  in  CHCI3 

F 

50  /tL  of  10%  L  in  CHCI3 

G 

1  nL  of  neat  HD 

H 

Animal  #305 


Site 

Treatment 

A 

10  fiL  of  10%  HN  in  CHCI3 

B 

50  imL  of  10%  HN  in  CHCI3 

C 

10  /xL  of  10%  L  in  CHCI3 

D 

50  of  10%  L  in  CHCI3 

E 

10  fih  of  10%  HD  in  CHCI3 

F 

50  (iL  of  10%  HD  in  CHCI3 

G 

1  fiL  of  neat  HD 

H 

Appendix  B 


93 


E-3 


Dosing  Date;  2/19/96  MREF  Task  95-38 

G1555-38A 


Animal  #301  Site 

D 

B 

C 

D 

E 

F 

G 

Histopathology  Markers: 

Nficroblister 

2 

2 

2 

2 

3 

4 

2 

Epidermal  Necrosis 

2 

4 

4 

3 

4 

3 

Follicular  Necrosis 

3 

4 

4 

4 

2 

4 

4 

Dermal  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemoniiage 

0 

0 

0 

0 

1 

2 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes: 

all  lesions  are  centrally 
located; 

some  normal  skin  present  on 
all 

mild 

dermal 

inflam 

min 

dermal 

inflam 

min 

dermal 

inflam 

mild 

dermal 

inflam 

mild 

dermal 

inflam 

min 

dermal 

inflam 

Animal  #  305 

Site 

A 

B 

C 

D 

E 

F 

G 

EQstopathology  Markers: 

Mcroblister 

2 

2 

3 

3 

3 

2 

2 

Epidermal  Necrosis 

4 

4 

4 

4 

4 

4 

4 

Follicular  Necrosis 

3 

4 

4 

m 

4 

4 

4 

Dermal  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

1 

0 

1 

1 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes; 

mild 

mild 

mild 

mild 

min 

mild 

all  lesions  are  centrally 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

located; 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

some  normal  skin  present  on 

all 

Degree  of  Severity  Grading  Scale: 

0  =  Normal,  1  =  Minimal,  2  =  Intermediate,  3  =  Moderate,  4  =  Severe 

A  TT-  n.\r\'D 
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Task  95-38,  Phase  2a,  Day  2 

Key  for  HGPs  #306  and  309  dosed  2/21/1996.  Exposure  duration  -  2  hr. 
Animal  #306 


Site 

Treatment 

A 

5  jiL  of  10%  L  in  CHCI3 

B 

10  pL  of  10%  L  in  CHCI3 

C 

5  fxL  of  10%  HD  in  CHCI3 

D 

10  pL  of  10%  HD  in  CHCI3 

E 

5  pLofl0%HNinCHCl3 

F 

10  pL  of  10%  HN  in  CHCI3 

G 

1  pL  of  neat  HD 

H 

Animal  #309 


Site 

Treatment 

A 

10  pL  of  10%  HD  in  CHCI3 

B 

5  pLofl0%HDinCHCl3 

C 

10  pL  of  10%  HN  in  CHCI3 

D 

5  pL  of  1 0%  HN  in  CHCI3 

E 

10  pL  of  10%  L  in  CHCI3 

F 

5  pL  of  10%  L  in  CHCI3 

G 

1  pL  of  neat  HD 

H 
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Animal  #306 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopathology  Markers: 

Microblister 

4 

3 

3 

4 

2*** 

Epidermal  Necrosis 

4 

mm 

4 

4 

Follicular  Necrosis 

4 

4 

B 

4 

4 

4 

Dermal  Necrosis 

1 

mtm 

2 

0 

0 

2 

2 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

1 

0 

0 

0 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes: 

"'focal  ulceration 

mod 

mild 

mild 

min 

mild 

mild 

mild 

"""deep  dermal  edema 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

ulcer  precludes 

much 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

blister  potential 

Animal  #  309  Site 

A 

B 

C 

D 

E 

F 

G 

Hstopathology  Markers: 

hflcroblister 

3 

0* 

4 

4 

4 

4 

3 

Epidermal  Necrosis 

3 

4* 

4 

4 

4 

4 

4 

Follicular  Necrosis 

4 

4 

3 

2 

4 

3 

4 

Dermal  Necrosis 

1 

2 

0 

0 

0** 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

1 

0 

0 

Pustular  Epidermitis 

1 

0 

1 

1 

0 

0 

0 

Notes: 

■"large  ulceration  precludes 
blister  potential 
♦♦deep  dermal  edema 

mild 

dermal 

inflam 

mild 

dermal 

inflam 

mod 

dermal 

inflam 

mod 

derm 

infla 

m 

mod 

dermal 

inflam 

mod 

dermal 

inflam 

mild 

derm 

infla 

m 

Note:  Some  normal  skin  is  present  on  all  sections,  both  animals;  lesions  are  centrally  located  in 
trimmed  area. 


Degree  of  Severity  Grading  Scale: 

0  =  Normal;  1  =  Minimal;  2  =  Mild;  3  =  Moderate;  4  =  Severe  Allen  W.  Singer,  D.V.M. 
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Task  95-3  8,  Phase  2a,  Day  3 

Key  for  HGPs  #3 12  and  3 16  dosed  2/27/1996.  Exposure  duration  -  1  hr. 
'Animal  #312 


Site 

Treatment 

A 

10  uL  of  10%  L  in  CHCI3 

B 

C 

10  uL  of  1 0%  HD  in  CHCI3 

D 

E 

1 0  |iL  of  10%  HN  in  CHCI3 

F 

5uLoflO®/oHNinCHCl3 

G 

1  uL  of  neat  HD 

H 

Animal  #316 


Site; 

Treatment 

A 

10  pL  of  10%  HN  in  CHCI3 

B 

5  |iL  of  10%  HN  in  CHCI3 

C 

10  pL  of  10%  L  in  CHCI3 

D 

5  of  1 0%  L  in  CHCI3 

E 

10  pL  of  10%  HD  in  CHCI3 

F 

5  pL  of  10%  HD  in  CHCI3 

G 

1  pL  of  neat  HD 

H 
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Animal  #312 


Histopathology  Markers: 


Microblister  _ 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis _ 


Vascular  Necrosis  . 


Hemorrhage  _ 


Pustular  Epidermitis 


Notes:  *mod  dermal  edema 
**minimal  dermal  edema 


mild  mod  mild 

dermal  dermal  dermal 

inflam  inflam  inflam 


mild 

derm 

infla 


mild  mod 
dermal  derm 
inflam  inflam 


mild 

derm 

infla 


Animal  #316 


Histopathology  Markers: 


Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidermitis 


Notes:  *minimal  dermal 
edema 

**moderate  dermal  edema 


sever 

mod  mod  e  mild  mod 

dermal  dermal  derm  dermal  dermal 

inflam  inflam  infla  inflam  inflam 


mod 

derm 

infla 


Note:  All  sections  (3 12  and  316)  have  normal,  unaffected  skin  at  one  or  both  margins  of  the 


section. 


Degree  of  Severity  Grading  Scale: 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe 


Allen  W.  Singer,  D.V.M. 
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E-8 


Task  95-38,  Phase  2b,  Day  1 

Key  forHGPs#311,  313,  315,  317,  and  324  dosed  3/5/1996.  Exposure  duration-  1  hr. 
Animal  #311 


Site 

Treatment 

A 

5  pLoflO%HNinCHCl3 

B 

20  uL  of  neutralization  solution 

C 

5  fiL  of  10%  L  in  CHCI3 

D 

20  uL  of  neutralization  solution 

E 

5  )iL  of  10%  HD  in  CHCI3 

F 

20  uL  of  neutralization  solution 

G 

1  jiL  of  neat  HD 

H 

20  uL  of  neutralization  solution 

Animal  #  313 


Site 

Treatment 

A 

5  pL  of  10%  HD  in  CHCI3 

B 

20  pL  of  neutralization  solution 

C 

5  pLoflO%HNinCHCl3 

D 

20  pL  of  neutralization  solution 

E 

5  pLofl0%L  inCHCl3 

F 

20  pL  of  neutralization  solution 

G 

1  pL  of  neat  HD 

H 

20  pL  of  neutralization  solution 
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Animal  #315 


Site 

Treatment 

A 

5  ^Lofl0%HNinCHCl3 

B 

20  fiL  of  neutralization  solution 

C 

5  4L  of  10%  L  in  CHCI3 

D 

20  jiL  of  neutralization  solution 

E 

5  nLoflO%HDinCHCl3 

F 

20  nL  of  neutralization  solution 

G 

1  HL  of  neat  HD 

H 

20  |iL  of  neutralization  solution 

Animal  #  317 


Site 

Treatment 

A 

5  nLoflO%LinCHCl3 

B 

20  ^L  of  neutralization  solution 

C 

5  ^LoflO%HDinCHCl3 

D 

20  ^L  of  neutralization  solution 

E 

5^Lofl0%HNinCHCl3 

F 

20  ^L  of  neutralization  solution 

G 

1  ^L  of  neat  HD 

H 

20  ^L  of  neutralization  solution 
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E-10 


Animal  #  324 


Site 

Treatment 

A 

5  |iL  of  10%  HD  in  CHCI3 

B 

20  jiL  of  neutralization  solution 

C 

5  uLofl0%HNinCHCl3 

D 

20  fiL  of  neutralization  solution 

E 

5  fiL  of  10%  L  in  CHCI3 

F 

20  fiL  of  neutralization  solution 

G 

1  of  neat  HD 

H 

20  uL  of  neutralization  solution 
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E-11 


Animal  #311 


Histopathology  Markers: 


Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidermitis 


Note:  *moderate  deep 

dermal 

edema 


B 

C 

D 

E 

F 

G 

H 

Animal  #313 


Histopathology  Markers: 


Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidermitis 


Note;  ^moderate  deep 
dermal  edema 


mod 

dermal 

inflam 


mod 

dermal 

inflam 


mod  min  mod 
dermal  dermal  dermal 
inflam  inflam  inflam 


mod 

derm 

infla 

m 


B 

C 

D 

E 

F 

G 

H 

mild 

dermal 

inflam 
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Animal  #315  • 


Histopathology  Markers; 
Microblister 


Epidermal  Necrosis 


Follicular  Necrosis _ 


Dermal  Necrosis _ 


Vascular  Necrosis 


Hemorrhage _ 


Pustular  Epiderraitis 


Note:  *moderal  dermal 
edema 


mod 

dermal 

inflam 


marke 

d 

dermal 

inflam 


mod 

dermal 

inflam 


mild 

dennal 

inflam 


Animal  #317 


Histopathology  Markers: 
Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage  _ 


Pustular  Epidermitis 


Notes:  *mild  dermal 
edema 

**focal  ulceration(s) 


B 

C 

D 

E 

F 

G 

H 

mild  min  mod 

dermal  dermal  dermal 

inflam  inflam  inflam 


mod 

dermal 

inflam 


mild 

dermal 

inflam 


E-13 


Animal  #324 

Site 

B 

B 

C 

D 

E 

F 

G 

- - — 1 

H 

Histopathology  Markers: 

Microblister 

4 

0 

4 

0 

4 

0 

3 

0 

Epidermal  Necrosis 

4 

0 

4 

0 

4 

0 

4 

0 

Follicular  Necrosis 

4 

0 

2 

0 

4 

0 

4 

Dermal  Necrosis 

1 

0 

0 

0 

0 

0 

0 

a 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

1 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

1 

0 

0 

0 

0 

0 

Notes: 

mod 

min 

mod 

mod 

min 

dermal 

dermal 

dermal 

dermal 

dermal 

inflam 

inflam 

inflam 

inflam 

inflam 

Note:  Normal  (unaffected)  skin  present  laterally  on  all  sections  where  lesions  were  observed. 


Histopatholo^cal  Markers  3/7/96 

Degree  of  Severity  Grading  Scale  Allen  W.  Singer, 

DVM 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe 
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E-14 


Task  95-38,  Phase  3,  Day  1 

Key  for  HGPs  #3 10,  491,  493,  and  498  dosed  3/13/1996.  Exposure  duration  - 1  hr. 
Animal  #310 


Site 

Treatment 

A 

5  pL  of  10%  HD  in  CHCI3 

B 

25  pL  of  Red  waste  stream 

C 

5  jiL  of  10%  HN  in  CHCI3 

D 

25  uL  of  Blue  waste  stream 

E 

5  4L  of  10%  L  in  CHCI3 

F 

25  pL  of  Charcoal  waste  stream 

G 

1  pL  of  neat  HD 

H 

Animal  #491 


Site 

Treatment 

A 

5  pLoflO%LinCHCl3 

B 

25  pL  of  Charcoal  waste  stream 

C 

5  pL  of  10%  HD  in  CHCI3 

D 

25  pL  of  Red  waste  stream 

E 

5  pLofl0%HNinCHCl3 

F 

25  pL  of  Blue  waste  stream 

G 

1  pL  of  neat  HD 

H 
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E-15 


Animal  #  493 


Site 

Treatment 

A 

5  jiLofl0%HDinCHCl3 

B 

25  jiL  of  Red  waste  stream 

C 

5  ^LoflO%HNinCHCl3 

D 

25  nL  of  Blue  waste  stream 

E 

5  uLof  10%LinCHCl3 

F 

25  ^iL  of  Charcoal  waste  stream 

G 

1  ^L  of  neat  HD 

H 

Animal  #  498 


Site 

Treatment 

A 

5jiLoflO%HNinCHCl3 

B 

• 

25  of  Blue  waste  stream 

C 

5^LoflO%LinCHCl3 

D 

25  of  Charcoal  waste  stream 

E 

5  ^LoflO%HDinCHCl3 

F 

25  ^iL  of  Red  waste  stream 

G 

1  nL  of  neat  HD 

H 
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E-16 


Animal  #310 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopathology  Marl 

cers: 

Microblister 

2 

0 

4 

2 

1 

0 

1 

Epidermal  Necrosis 

4 

1 

4 

4 

4* 

2 

4* 

Follicular  Necrosis 

4 

0 

4 

1 

4 

0 

4 

Dermal  Necrosis 

0 

0 

1 

0 

3 

0 

3^* 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

0 

0 

1 

Pustular  Epidermitis 

0 

1 

0 

1 

0 

1 

0 

Notes:  ^marked 

mod 

mod 

mod 

mod 

mod 

mild 

mod 

ulceration 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

♦♦moderate  dermal 
edema 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Animal  #  491 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopathology  Mark 

ers: 

Microblister 

4 

0 

1 

0 

4 

3 

2 

Epidermal  Necrosis 

4^ 

1 

4** 

0 

4 

4 

4 

Follicular  Necrosis 

4 

0 

4 

0 

3 

0 

4 

Dermal  Necrosis 

3 

0 

3 

0 

0 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

2 

0 

0 

0 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes:  ♦mild  ulceration 

mod 

min 

mod 

mod 

min 

mod 

♦♦marked  ulceration 

dermal 

inflam 

dermal 

inflam 

dermal 

inflam 

dermal 

inflam 

dermal 

inflam 

Appendix  B 


107 


Histopathology  Markers: 


Nficroblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis  _ 


Vascular  Necrosis 


Hemorrhage  _ 


Pustular  Epidermitis 


Notes:  *at  edge  of  ulcer 
•♦marked  ulceration 


mod  mod  mod  mod  mod  mod  mod 

dermal  dermal  dermal  dermal  dermal  dermal  dermal 

inflam  inflam  inflam  inflam  inflam  inflam  inflam 


Animal  #  498 


Histopathology  Markers: 


Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidermitis 


Notes:  •at  edge  of  ulcer  mod 


♦•marked  ulceration  dermal  dermal  dermal  dermal  dermal  dermal  dermal 

•••minimal  ulceration  inflam  inflam  inflam  inflam  inflam  inflam  inflam 


Note:  Some  normal  (unaffected)  skin  present  at  one  or  both  ends  of  each  section  where  lesions 
were  present. 


Histopathological  Markers:  Degree  of  Severity  Grading  Scale  3/18/96 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe  Allen  W.  Singer,  DVM 
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E-18 


Task  95-38,  Phase  3,  Day  2 

Key  for  HGPs  #494,  496,  497,  and  499  dosed  3/21/1996.  Exposure  duration  - 1  hr. 
Animal  #  494 


Site 

Treatment 

A 

5  pL  of  10%  L  in  CHCI3 

B 

25  pL  of  Charcoal  waste  stream 

C 

5  pL  of  10%  HD  in  CHCI3 

D 

25  pL  of  Red  waste  stream 

E 

5  pL  of  10%  HN  in  CHCI3 

F 

25  pL  of  Blue  waste  stream 

G 

1  pL  of  neat  HD 

H 

Animal  #  496 


Site 

Treatment 

A 

5  pL  of  10%  HD  in  CHCI3 

B 

25  pL  of  Red  waste  stream 

C 

5  pLoflO%HNinCHCl3 

D 

25  pL  of  Blue  waste  stream 

E 

5  pL  of  10%  L  in  CHCI3 

F 

25  pL  of  Charcoal  waste  stream 

G 

1  pL  of  neat  HD 

H 
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E-19 


Animal  #  497 


Site 

Treatment 

A 

5  ^LoflO%,HNinCHCl3 

B 

25  \iL  of  Blue  waste  stream 

C 

5  ^LoflO%LinCHCl3 

D 

25  nL  of  Charcoal  waste  stream 

E 

5  nL  of  10%  HD  in  CHCI3 

F 

25  jxL  of  Red  waste  stream 

G 

1  fiL  of  neat  HD 

H 

Animal  #  499 

Site 

Treatment 

A 

5^LoflO%HNinCHCl3 

B 

25  ^L  of  Blue  waste  stream 

C 

5^Lofl0%LinCHCl3 

D 

25  of  Charcoal  waste  stream 

E 

5  ^Lofl0%HDinCHCl3 

F 

25  ^L  of  Red  waste  stream 

G 

1  nL  of  neat  HD 

H 
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E-20 


Animal  #  494  Site 

a 

B 

C 

D 

E 

F 

G 

Histopathology  Markers; 

Mcroblister 

B 

0 

1 

0 

3 

2 

Epidermal  Necrosis 

0 

0 

4 

2 

Bi 

Follicular  Necrosis 

4 

0 

4 

0 

4 

0 

4 

Dermal  Necrosis 

0* 

0 

3 

0 

0 

0 

2 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

3 

0 

0 

0 

0 

0 

0 

Pustular  Epidemutis 

0 

0 

1 

0 

1 

0 

0 

Animal  #  496 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopathology  Ma 

rkers: 

Microblister 

0 

0 

0 

4 

1 

0 

2 

Epidermal  Necrosis 

4* 

0 

A* 

3 

B 

1 

BB 

Follicular  Necrosis 

4 

0 

4 

0 

4 

0 

4 

Dermal  Necrosis 

3 

0 

3 

0 

4 

0 

3** 

Vascular  Necrosis 

0 

0 

0 

•  0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes:  *marked  ulcer 

mod 

min 

mod 

mild 

mod 

min 

mod 

precludes  potential 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

blister 

**mild  dermal  edema 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Appendix  B 


111 


E-21 


Animal  #  497 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopathology  Markers; 

Microblister 

1 

2 

4 

0 

2 

0 

2 

Epidermal  Necrosis 

4* 

4 

4 

1*** 

4* 

0 

B 

Follicular  Necrosis 

4 

0 

4 

0 

4 

0 

4 

Dermal  Necrosis 

3 

0 

0** 

0 

2 

0 

2** 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes:  *marked  ulceration 

mod 

mild 

mod 

min 

mod 

mild 

mod 

**moderate  dermal  edema 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

***mild  epithelial  cell  edema 

inflam 

inflam 

inflam 

inflam 

infiam 

inflam 

inflam 

Animail#499 

Site 

B 

B 

C 

D 

E 

F 

G 

Ifistopathology  Markers: 

Microblister 

4 

2 

3 

0 

4 

0 

3 

Epidermal  Necrosis 

4 

3 

4 

2 

4 

0 

4 

Follicular  Necrosis 

4 

0 

4 

0 

4 

0 

4 

Dermal  Necrosis 

0 

0 

2* 

0 

2 

0 

1* 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

1 

B 

0 

0 

0 

Pustular  Epidermitis 

1 

0 

0 

0 

1 

1 

0 

0  • 

Note;  *mild  dermal  edema 

mod 

! 

mild 

mod 

min 

mod 

min 

mild 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Note:  Some  normal  (unaffected)  skin  present  at  one  or  both  ends  of  each  section  where  lesions 
were  present. 


Histopathological  Markers;  Degree  of  Severity  Grading  Scale  ’  3/25/96 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe  Allen  W.  Singer, 
DVM 
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E-22 


Task  95-38,  Phase  3,  Day  3 

“Fresh”  Blue  and  Red  waste  streams  received  6/19/1996 

Key  for  HGPs  #339,  341,  342,  and  346  dosed  6/20/1996.  Exposure  duration  -  1  hr. 
Animal  #  339 


Site 

Treatment 

A 

5  fiL  of  10%  HN  in  CHCI3 

B 

25  fiL  of  Red  waste  stream 

C 

5  mL  of  10%  L  in  CHCI3 

D 

25  nL  of  Blue  waste  stream 

E 

5  nL  of  10%  HD  in  CHCI3 

F 

25  fiL  of  Red  waste  stream 

G 

1  of  neat  HD 

H 

25  ^lL  of  Blue  waste  stream 

Animal  #  341 


Site 

Treatment 

A 

5  mL  of  10%  HD  in  CHCI3 

B 

25  fiL  of  Blue  waste  stream 

C 

5  fiL  of  10%  HN  in  CHCI3 

D 

25  fiL  of  Red  waste  stream 

E 

5  fiL  of  10%  L  in  CHCI3 

F 

25  fiL  of  Blue  waste  stream 

G 

1  fiL  of  neat  HD 

H 

25  fiL  of  Red  waste  stream 
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£-23 


Animal  if  342 


Site 

Treatment 

A 

5  AiL  of  10%  L  in  CHCI3 

B 

25  fiL  of  Blue  waste  stream 

C 

5  fiL  of  10%  HD  in  CHCI3 

D 

25  fiL  of  Red  waste  stream 

£ 

5  mL  of  10%  HN  in  CHCI3 

F 

25  fiL  of  Blue  waste  stream 

G 

1  fiL  of  neat  HD 

H 

25  ijL  of  Red  waste  stream 

Animal  it  346 


Site 

Treatment 

A 

5/iLof  10%LinCHa3 

B 

25  fiL  of  Red  waste  stream 

C 

5  AiL  of  10%  HD  in  CHCI3 

D 

25  AiL  of  Blue  waste  stream 

B 

SAiLof  10%HNinCHCl3 

F 

25  fiL  of  Red  waste  stream 

G 

1  fiL  of  neat  HD 

H 

25  aiL  of  Blue  waste  stream 
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Animal  it  339 


Histopathology  Markers; 
Microblister  _ 


Epidermal  Necrosis 


Follicular  Necrosis _ 


Dermal  Necrosis _ 


Vascular  Necrosis 


Hemorrhage _ 


Pustular  Epidermids 


Notes;  ^moderate  dermal 
edema 

**focal  ulceration(s) 


AAAVM  - 

dermal  dermal  dermal  dermal  dermal  dermal  dermal  dermal 

inflam  inflam  inflam  inflam  inflam  inflam  inflam  inflam 


Animal  H  341 


Histopathology  Markers: 
Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidermitis 


Notes:  *focal  ulceration(s); 
*‘*moderate  dermal  edema 


B 

C 

D 

E 

F 

G 

H 

dermal  dermal  dermal  dermal  dermal  dermal  dermal  dermal 

inflam  inflam  inflam  inflam  inflam  inflam  inflam  inflam 


Animal  #  342 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopathology  Markers: 

Mitroblister 

3 

1 

3 

0 

4 

3 

3 

Epidermal  Necrosis 

4 

4 

4 

0 

4 

4 

4 

Follicular  Necrosis 

4 

0 

4 

0 

4 

1 

4 

Dermal  Necrosis 

0* 

0 

0* 

0 

0 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

1 

0 

0 

0 

0 

Notes;  *mild  to  moderate 

mild 

min 

mild 

min 

mod 

min 

mild 

dermal  edema 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Animal  #  346 

Site 

A 

B 

C 

D 

E 

F 

G 

Histopafliology  Markers: 

Microblister 

2 

0 

2 

1 

4 

0 

2 

Epidermal  Necrosis 

4 

0 

4 

4 

4 

0 

4 

Follicular  Necrosis 

4 

0 

4 

1 

4 

0 

4 

Dermal  Necrosis 

0* 

0 

0 

mom 

2 

a 

0* 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

O' 

Hemorrhage 

0 

0 

0 

0 

0 

0 

0 

Pustular  Epidermitis 

0 

0 

0 

0 

0 

0 

0 

Notes:  *moderate  dermal 

mild 

min 

mod 

mild 

mild 

mild 

1  edema; 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

**most  of  surface  epithelium 
artifactually  stripped  away 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Note:  Normal  (unaffected)  skin  presented  laterally  on  al 

1  skin  sections  with  lesions. 

Histopathological  Markers  triSl% 

Degree  of  Severity  Grading  Scale  Allen  W.  Singer,  DV} 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe 
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Task  95-38,  Phase  3,  Day  4 

■rIhp  3nd  Ppri  u'sstp  streams  received  6n9/]996 


E-26 


Key  for  HGPs  #340,  345,  351,  and  352  dosed  6/26/1996.  Exposure  duration  -  1  hr. 
Animal  #  340 


Site 

Treatment 

A 

5  mL  of  10%  HD  in  CHClj 

B 

25  /iL  of  Blue  waste  stream 

C 

5  mL  of  10%  HN  in  CHClj 

D 

25  fiL  of  Red  waste  stream 

£ 

5  mL  of  10%  L  in  CHCl, 

F 

25  aiL  of  Blue  waste  stream 

G 

1  AtL  of  neat  HD 

H 

25  aiL  of  Red  waste  stream 

Animal  #  3 

45 

Site 

Treatement 

A 

5  AtL  of  10%  L  in  CHCI3 

B 

25  /iL  of  Red  waste  stream 

C 

5  AiL  of  10%  HD  in  CHCI3 

D 

25  AiL  of  Blue  waste  stream 

E 

5  AiL  of  10%  HN  in  CHCI3 

F 

25  AiL  of  Red  waste  stream 

G 

1  AiL  of  neat  HD 

H 

25  AiL  of  Blue  waste  stream 
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E-27 


Animal  #351 


Site 

Treatment 

A 

5  fiL  of  10%  HN  in  CHCI3 

B 

25  fiL  of  Blue  waste  stream 

C 

5  fiL  of  10%  L  in  CHCI3 

D 

25  fiL  of  Red  waste  stream 

E 

5  fiL  of  10%  HD  in  CHCI3 

F 

25  fiL  of  Blue  waste  stream 

G 

1  fiL  of  neat  HD 

H 

25  fiL  of  Red  waste  stream 

Animal  #  352 


Site 

Treatment 

A 

5  fiL  of  10%  HD  in  CHCI3 

B 

25  fiL  of  Red  waste  stream 

C 

5  fiL  of  10%  HN  in  CHCI3 

D 

25  fiL  of  Blue  waste  stream 

E 

5AiLof  10%LinCHCl3 

F 

25  fiL  of  Red  waste  stream 

G 

1  fiL  of  neat  HD 

H 

25  fiL  of  Blue  waste  stream 
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E-28 


Animal  #  340 


Histopathology  Markers: 
Microblister 


^idermalal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage  _ 


Pustular  Epidermitis 


Notes:  *‘at  edge  of  ulcer  uiw  ***««  —  -  .  ,  j  .  j  i 

**mild  ulceration  dermal  dermal  dermal  dermal  dermal  dermal  dermal  dermal 

»**mild  dermal  edema  inflam  inflam  inflam  inflam  inflam  inflam  inflam  inflam 


B 

C 

D 

E 

F 

Animal  tf  345 


Histopathology  Markers: 
Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidermitis 


Notes:  *at  one  edge  of 
ulcer 

**marked  ulceration 
present 

•**mild  dermal  edema 


B 

C 

D 

E 

F 

G 

H 

dermal  dermal  dermal  dermal  dermal  dermal  dermal  dermal 

inflam  inflam  inflam  inflam  inflam  inflam  inflam  inflam 


E-29 


Animal  #  351 

Site 

A 

B 

C 

D 

E 

F 

G 

H 

Histopathology  Markers: 

Microblister 

1 

2 

4 

0 

1* 

2 

1 

0 

Epidermal.  Necrosis 

4 

4 

4 

0 

4 

4 

0 

Follicular  Necrosis 

4 

I 

3 

0 

4 

1 

4 

0 

Dermal  Necrosis 

0 

0 

0 

0 

3 

0 

3 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

1 

0 

1 

0 

1 

0 

Pustular  l^idermitis 

0 

0 

0 

0 

0 

0 

0 

0 

Notes:  *at  one  edge  of 

ulcer 

mild 

min 

mod 

mod 

min 

mod 

min 

»'*taarked  ulceration 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

present 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Animal  ft  352 

Site 

A 

B 

C 

D 

E 

1  P 

G 

H 

Histopathology  Markers: 

Microblister 

1* 

0 

2 

1 

3 

0 

2 

2 

Epidermal  Necrosis 

0 

4 

4 

0 

4»* 

4 

Follicular  Necrosis 

4 

0 

3 

0 

4 

0 

4 

1 

Dermal  Necrosis 

2 

0 

1 

0 

0 

3 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

1 

0 

1 

0 

1 

0 

Pustular  Epidermitis 

0 

0 

1 

1 

0 

0 

0 

0 

Notes:  *at  edge  of  ulcer 

mod 

min 

mod 

mod 

mild 

mod 

mild 

**moderate  ulceration 

dermal 

dermal 

dermal 

dermal 

derma 

dermal 

dermal 

***mild  dermal  edema 

inflam 

inflam 

inflam 

inflam 

1 

inflam 

inflam 

inflam 

Note;  Some  nonnal  (unaffected)  skin  present  at  one  or  both  ends  of  each  section  where  lesions  were 
present. 


Histopathological  Markers:  Degree  of  Severity  Grading  Scale  7/1/96 

0  =  Nonnal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe  Allen  W.  Singer,  DVM 
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Task  95-38,  Phase  3,  Day  5 


Blue  and  Red  waste  streams  received  11/28/1995;  Charcoal  waste  stream  received  1/25/96. 


E-30 


Equal  volumes  of  waste  streams  and  10%  HD,  HN  and  L  solutions  -  10 

Key  for  HGPs  #383,  385,  389,  and  400  dosed  8/13/1996.  Exposure  duration  -  1  hr. 

Animal  #  383 


Site 

Treatment 

A 

B 

10  uL  of  Blue  waste  stream 

C 

10  uL  of  10%  HD  in  CHClj 

D 

10  uL  of  Charcoal  waste  stream 

E 

10  of  10%  HN  in  CHClj 

F 

10  uL  of  Red  waste  stream 

Animal  #  385 


Site 

Treatment 

A 

10  /xL  of  10%  HN  in  CHCI3 

B 

10  nL  of  Red  waste  stream 

C 

10  fiL  of  10%  L  in  CHCI3 

D 

10  fiL  of  Blue  waste  stream 

E 

10  ptL  of  10%  HD  in  CHCI3 

F 

10  fiL  of  Charcoal  waste  stream 
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E-31 


Animal  #  389 


Site 

Treatment 

A 

10  AiL  of  10%  HN  in  CHCI3 

B 

10  of  Red  waste  stream 

C 

10  fiL  of  10%  L  in  CHCI3 

D 

10  /iL  of  Blue  waste  stream 

E 

10  fiL  of  10%  HD  in  CHCI3 

F 

10  fiL  of  Charcoal  waste  stream 

Animal  if  400 


Site 

Treatment 

A 

10  fiL  of  10%  HD  in  CHCI3 

B 

10  nL  of  Charcoal  waste  stream 

C 

10  fiL  of  10%  HN  in  CHCI3 

D 

10  fiL  of  Red  waste  stream 

E 

10  fiL  of  10%  L  in  CHCI3 

F 

10  fiL  of  Blue  waste  stream 
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E-32 

MREF  Task  95-38 
G1555-38A 


Animal  #383 

Site 

A 

B 

C 

D 

E 

F 

Histopathology  Markers: 

Microblister 

0 

2 

0 

3 

0 

Epidermal.  Necrosis 

4 

0 

4 

0 

4 

0 

Follicular  Necrosis 

4 

0 

4 

0 

3 

0 

Dermal  Necrosis 

0* 

0 

0 

0 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

Hemorrhage 

2 

0 

1 

0 

0 

0 

Pustular  Epidermitis 

0 

1 

0 

0 

1 

0 

Notes:  *mod«ate  dermal 

mod 

mild 

min 

mod 

min 

edema 

dermal 

dermal 

dermal 

dermal 

dermal 

inflam 

inflam 

inflam 

inflam 

inflam 

Animal  #  385 

Site 

A 

B 

C 

D 

E 

F 

Histopathology  Markers: 

Microblister 

4 

0 

4 

1 

3 

0 

Epidermal  .Neaosis 

4 

0 

4 

!•• 

4 

0 

Follicular  Necrosis 

4 

0 

4 

0 

4 

0 

Dermal  Necrosis 

1 

0 

0* 

0 

0* 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

Hemorrfiage 

0 

0 

2 

0 

0 

0 

Pustular  Epidermitis 

1 

0 

0 

0 

0 

0 

Notes:  ‘mod  dermal  edema 

marked 

min 

mod 

mild 

min 

•♦vacuolar  degeneration  of 

dermal 

dermal 

dermal 

dermal 

dermal 

epith  cells  leading  to  intra-  and 
subepithelial  microblister 

inflam 

inflam 

inflam 

inflam 

inflam 

Note:  Some  normal  (unaffected)  skin  present  at  one  or  both  ends  of  each  section  where  lesions  were  present. 


Histopathological  Markers:  Degree  of  Severity  Grading  Scale 
0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe 


8/19/96 

Allen  W.  Singer,  DVM 
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Animal  #389 


i;— J  J 

MREF  Task  95-38 
6l555-38a 


Histopathology  Makers: 


Microblisier 


Epidermal  Necrosis 


Follicular  Necrosis 


Dcrmalal  Necrosis 


Vascular  Necrosis 


Hemoniiage 


Pustular  Epiderm  Itis 


Notes;  •severe  dennalal  edema  mod 


dermal  dermal  dermal  dermal  dermal  dermal 

inflam  in  flam  inflam  inflam  inflam  inflam 


Animal  #  400 


lEstopathology  Markers; 


Microblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal .  Necrosis 


Vascular  Necrosis 


Hemorrhage 


Pustular  Epidennitis 


Notes;  •mild  dermal  edema 
••severe  dermal  edema 


mod 

dermal 

inflam 


mod  min  niod  mild 

dermal  dermal  dermal  dermal 

inflam  inflam  inflam  inflam 
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E-34 


Task  95-38,  Phase  3,  Day  6 

“Fresh”  Charcoal  waste  stream  received  8/29/96. 

25  nL  of  freshly  prepared  Charcoal  waste  stream  and  5  pL  of  10%  HD,  HN  and  L  solutions 
Key  for  HGPs  #379,  380,  387,  and  388  dosed  8/29/1996.  Exposure  duration  - 1  hr. 

Animal  #  379 


Site 

Treatment 

A 

5  pL  of  10%  L  in  CHCI3 

B 

25  pL  of  Charcoal  waste  stream 

C 

5  pL  of  10%  HD  in  CHCI3 

D 

25  pL  of  Charcoal  waste  stream 

E 

5  pLofl0%HNinCHCl3 

F 

25  pL  of  Charcoal  waste  stream 

Animal  #  380 


Site 

Treatment 

A 

5  pLoflO%  HNinCHCl3 

B 

25  pL  of  Charcoal  waste  stream 

C 

5  pLoflO%LinCHCl3 

D 

25  pL  of  Charcoal  waste  stream 

E 

5  pLofl0%HDinCHCl3 

F 

25  pL  of  Charcoal  waste  stream 
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E-35 


Ajiimal  #387 


Site 

Treatment 

A 

5  nL  of  10%  HD  in  CHCI3 

B 

25  nL  of  Charcoal  waste  stream 

C 

5  nLoflO%HNinCHCl3 

D 

25  jiL  of  Charcoal  waste  stream 

E 

5  jiLoflO%LinCHCl3 

F 

25  ^L  of  Charcoal  waste  stream 

Animal  #  388 


Site 

Treatment 

A 

5^LoflO%LinCHCl3 

B 

25  fiL  of  Charcoal  waste  stream 

C 

5  ^L  of  10%  HD  in  CHCI3 

D 

25  ^L  of  Charcoal  waste  stream 

E 

5^LoflO%HNinCHCl3 

F 

25  jiL  of  Charcoal  waste  stream 
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MREF  Task  95-38 
G1555-38A 


B 

C 

D 

E 

F 

Animal  #  379 


Histopathology  Maricers: 


Microblister 


Epidermal'  Necrosis 


Follicular  Necrosis 


Dennalal  Necrosis 


Vascular  Necrosis 


Hemoiiiiage 


Pustular  Epidennltis 


Notes'  *mo<icrate  detmal  mod  min  mild  min  mod 

**iandom  single-cell  dermal  dermal  dermal  dermal 

necrosis  noted  mflam  inflaTn  inflam  inflam  inflam 


mm 

dermal 

inflam 


Animal  #  380 


Histopathology  Maricers:  _  ' 


NGcroblister 


Epidermal  Necrosis 


Follicular  Necrosis 


Dermal;  .Necrosis 


V  ascular  Necrosis 


Hemorrhage 


Pustular  Epideimitis 


Notes:  ‘random  single  cell 

necrosis  mod  min  mod  min  mod  min 

“mod  dermal  edema;  focal  dermal  dermal  dermal  dermal  dermal  ■  dermal 


ulcer  in  area  of  neaosis 


inflam  inflam  inflam  inflam  inflam  inflam 


Note:  Some  normal  (unaffected)  skin  present  at  one  or  both  ends  of  each  section  where  lesions  were  present 
Histopathological  Markers:  Degree  of  Severity  Grading  Scale  9/9/96 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  =  Moderate;  4  =  Severe  Allen  W.  Singer,  DVM 
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E-37 


Animal  H  387 

Site 

A 

B 

C 

D 

E 

F 

Histopathology  Markers: 

Microblister 

3 

0 

2 

0 

4 

0 

Epidermal.  Necrosis 

4 

2** 

4 

2** 

4 

2*>t' 

Follicular  Necrosis 

4 

2** 

3 

4 

2** 

Dermal  Necrosis 

0 

0 

0 

0 

0* 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

2 

0 

Pustular  Epidermitls 

0 

0 

0 

0 

0 

1 

Notes:  "Moderate  dermal. 

mod 

mod 

mod 

mod 

mod 

mod 

edema;  *’h:andom  single-cell 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

necrosis  noted 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Animal  #  388 

Site 

A 

B 

C 

D 

E 

F 

Histopathology  Markers: 

Microblister 

4 

0 

4 

0 

3 

0 

Epidermal'  Necrosis 

4 

!■“ 

4 

1* 

4 

1* 

Follicular  Necrosis 

4 

!■“ 

4 

!■“ 

2 

1* 

Dermal.  Necrosis 

0*# 

0 

0** 

0 

0 

0 

Vascular  Necrosis 

0 

0 

0 

0 

0 

0 

Hemorrhage 

3 

0 

1 

0 

0 

0 

Pustular  Epidermitls 

0 

0 

0 

0 

1 

0 

Notes:  ’‘‘random  single  cell 

mild 

mild 

mild 

mod 

min 

necrosis 

dermal 

dermal 

dermal 

dermal 

dermal 

dermal 

"'"tood  dermal'  edema 

inflam 

inflam 

inflam 

inflam 

inflam 

inflam 

Note:  Some  normal  (unalfected)  skin  present  at  one  or  both  ends  of  each  section  where  lesions  were 
present. 

Histopathological  Markers:  Degree  of  Severity  Grading  Scale  9/9/96 

0  =  Normal;  1  =  Minimal;  2  =  Intermediate;  3  *=  Moderate;  4  =  Severe  Allen  W.  Singer,  DVM 


V 
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